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GENERAL SCIENCE IS PROJECT SCIENCE.’ 
By Georce D. von Hore, Jr., 
Teachers College, New York City. 


The few words noted here are an attempt to give an idea of 
the rdle the science teacher is playing in this Pan-American 
movement to make the studies of the curriculum have a broader 
basis, less artificiality, and different organization. At no time, 
to my mind, have educators in all fields had such wonderful 
opportunities to thrust from the course of study the last remnants 
of formal, academic, falsely organized and specialized studies and 
allow the new learning to enter. At no time has any change 
\" in school organization, as the introduction of the junior high 
school, given all Americans such power to mold the character of 
our schools and pupils—to make them purely American. 

We are all familiar with the fact that science in the school 
has failed to hold its position. In the report of the Commis- 
sioner of Education for 1911 we read: “Latin is holding its 
ground; French and German are gaining; algebra occupies a 
large share of time and is steady; geometry is gaining; English 
and history have gained materially; all the older sciences, rather 
strangely, are relatively falling off.” Something is radically 
wrong with our school work in science. Where are we to find 
5 the error? When, half a century ago, there was a greater per- 
centage of farm life and fewer up-to-date conveniences, the home 
and community managed to make us efficient in the use of such 
instruments as one might class in the domain of science. But 
during the last few decades advance in the field of science and 
invention has been so rapid that the home was not able to keep 
pace with it, and the school in attempting to carry the burden is 
meeting defeat. Indeed, man is barely keeping up with the 
necessities which modern life puts upon us. The man of today, 
7 whatever his vocation, is expected to know the essentials of an 

automobile; he ought to know something about the printing of 


1Abstract of paper given at General Science Meeting, Teachers College. 
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books and where the paper comes from; how to fix his radiator 
when heat fails to get to it; how moving pictures are produced. 
And the modern housewife, to even a greater degree, must know 
what enables her, by means of the gas-fireless cooker, to cook 
the dinner, using one-fifth as much gas as formerly; why she 
cannot travel with her electric iron and attach it to the plug in 
every hotel; what ails her washtub motor on Monday morning. 
She must understand that aluminum ware has not all the advan- 
tages that the salesman puts forth. Not long ago very few had 
occasion to handle gas engines. This year alone 300,000 people 
have been added to the list of Ford owners and are interested 
in engines. 

A feeling persists that science is in a category of its own. 
School boards are not prone to give it much weight in the course 
of study. The Portland Survey is typical in showing the way 
science is slighted. And yet, as we watch the growth of profes- 
sions we find that science is in ever-increasing demand. Yale, 
the last institution in the country to be on the run toward scien- 
tific fields, during the last ten years increased its engineering 
graduates by 135 per cent, while law, medicine, education and 
ministry had an increase of but 22 per cent. 

Today there is a tremendous demand for science by the public 


. and the school is looked to to meet this demand. While many 


scoff at general science and admit it into the course of study with 
the idea that it is a convenient method for introducing “real 
serious science” which is to follow, I want to prophesy that some 
day, not far off, the educator will begin to realize that general 
science alone can meet this demand of the public. It will take its 
place alongside the ever-popular natural philosophy lectures of 
several decades ago. 

The advocates of general science as summed up in Professor 
Woodhull’s Science Teaching by Projects adhere to the maxim 
of a Spanish educator that “To educate is not to give a trade for 
making one’s living, but to temper the soul for life.” The 
adolescent period is just as well adapted to this tempering as any 
other age, and according to Professor Heck of the University of 
Virginia, the most fruitful period of responsiveness. The youth 
hungers for suggestions and can be touched as never before by 
the right kind of appeal. General science has enlisted to give 
this appeal, and instead of sacrificing anything that is to be found 
in so-called real science, it makes all values stand out in even 


bclier relief. 
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Poincare, in his Value of Science says: “Tolstoi somewhere 
explains why ‘science for its own sake’ is in his eyes an absurd 
conception. We cannot know ail facts, since their number is 
practically infinite. It is necessary to choose; then we may let 
this choice depend on the pure caprice of our curiosity; would 
it not be better to let ourselves be guided by utility, by our prac- 
tical, and above all our moral, needs; have we nothing better to 
do than counting the number of ladybugs on our planet?” 

Probably that which factors most in retarding the improvement 
in science instruction is the belief that science is obscure, abstract, 
difficult, brain-racking, dry and valueless. These beliefs have 
driven people away. The indictments are legitimate when ap- 
plied to a great deal of the science given in our schools today. 
Science is held up because of the prevailing notion that it is to 
get one founded in principles, fundamentals, which must be 
drilled in preparatory to something to come after, and that it 
must be given by trained specialists. When will we realize that 
training of this kind is detrimental, for it narrows the teacher, 
and that what we want are good teachers, not specialists? 
Professor Tait used to say that science aims at giving “a common- 
sense view of the world we live in.” Huxley said: “Science is 
nothing but trained and organized common sense.” G. S. should 
stand for Good Sense whenever it abbreviates General Science. 
Science is not a method of thinking which stands alone. The 
story of the mining of coal; of the construction, operation and 
cost of our aqueduct and delivery of water to New York; the 
story of the silo—all these are science. They are informational 
in part to be sure, but it is just that which gives them their value, 
satisfies the demand of the public, and enables the student to 
really get hold of science. General science should be informa- 
tional and give facts in a general way. Why should the entire 
course be closely woven? Why not this lesson or a week’s lesson 
have an organization of its own? The most educative work 
being carried on are the public evening lectures, Institute lectures, 
etc., and here organization limits itself to from one to half a dozen 
lectures. You might call this hodgepodge, but it is the kind of 
hodgepodge we need. 

Science to be mastered needs to be appreciated. It must be 
clothed with symmetry and beauty, and this requires coérdination 
and correlation of all the sciences. Let us forget temporarily 
that there are such divisions as heat, force, matter, chemistry, 


botany. The youth will readily read a popular magazine of 
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science, for instance, Popular Mechanics, because it does this 
very thing. It treats science of everyday experiences, makes it 
organized common sense, teaches life projects. 

Lowell said: “Give us sciefice, too, but first of all, and last 
of all, the science that ennobles life and makes it generous 
* * *  Many-sidedness of culture makes our vision clearer 
and keener in particulars. For, after all, the noblest definition 
of Science is that breadth and impartiality of view which liberates 
the mind from specialties, and enables it to organize whatever 
we learn, so that it becomes real knowledge by being brought 
into true and helpful relation with the rest.”? 

The aim of such a course is manifold. It must first of all give 
a fund of information, a diffusion of knowledge from which 
the future scientist can choose a field, or with which the future 
business man, lawyer, etc., can understand the life processes 
which continually pop out on the surface of experience. It must 
enable the student to be as apt in fixing the burner on the gas 
Stove, or in bringing forth a better garden, as he is in discussing 
a geometrical demonstration or Hannibal’s march into Italy. 

Further, the course must train in the habit of clear thinking, 
of investigation, and application of acquired knowledge to useful 
ends; in a thorough realization of the hackneyed expression that 
education is life, not merely a preparation for life. With Sadler 
we can say: “In the encouragement of the scientific temper and 
attitude of mind lies one of the best hopes of culture, the surest 
guarantee of intellectual activity and of temperate judgment in 
the nation, and one necessary means of preparation for the 
duties of citizenship.”* But this “scientific temper” does not con- 
sist in ability to measure thousandths of a gram or to academically 
memorize the Periodic Table. It is the desire and ability to see 
all phenomena in one wholesome unity, to trace the trend of 
thought and view the possibilities that lie before us, to vitally 
concern ourselves with the solution of problems that make for 
the. welfare of our brothers. 

General science is not sugar-coated science. It endeavors to 
give a genuine understanding of everyday affairs, curtailing all 
unnecessary, highly specialized science which we are beginning 
to realize is solely for the pupil who will later go into pure science 
as a profession. It is necessary to give the youth an under- 
standing of those things which are vital to his progress and 
to the progress of the race as a whole—and they are vital only 


2Butler, Meaning of Education, pp. 225-6, quoting Lowell. 
8Sadler. in Hodson’s Broad Lines in Science Teaching, p. XXVI. 
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in so far as they are appealing and concerning. [resident Butler 
says: “The first question to be asked of any course of study is, 
‘Does it lead to a knowledge of our contemporary civilization?’ ” 

The most common pseudo-general-science is an eclectic course 
of a little from each of the sciences as they have been arbitrarily 
divisioned off by man. Here all uniformity is killed. Teachers 
simply extract small errors from large ones, and hope through 
recombination to give an appealing, symmetrical course. Others 
have tried a course in which interest is the guiding principle. Its 
success depends almost entirely on the personality of the teacher. 
If he is a Faraday who can write a book on the candle so that 
it will be readable, he can make his course invaluable. Today 
general science, while promising, has hardly begun to do its 
work. The texts are simply deformed reproductions of other 
science texts. 

A general science course should solve general problems or give 
valuable information, involving whatever science it will. It will 
have a logical development, but it must be logical to the mind 
studying. It should deal with the real scientific environment of 
the youth, linking it clearly to the field of natural phenomena, 
introducing those aspects which are of interest and value to the 
student, allowing them to lead where they will, the teacher at 
all times keeping in mind the unity of the whole. The method 
should be similar to that sometimes used in teaching civics, in 
which several circumstances of real live material are used as the 
basis, and the “fundamentals,” so-called, or elements, drawn in 
as discussion demands. 

The basic error in science teaching today is that it does not 
center itself about the interests and desires of the student. 
G. Stanley Hall states this point clearly: “My purpose is solely 
to show the difference between the genetic or pedagogic and the 
logical method. The latter is essentially for the adult mind, and a 
great error of teachers and curricula has been that these scholastic 
ways of approach have been substituted for those which conform 
to the natural laws of growth of the intelligence, interest, and 
power of comprehension.”* Today there is a tremendous demand 
for science by the public and our aims must be to satisfy them. 
If they do not, they are poor aims. The trouble is that educators 
put a damper on the natural desire for science by their method 
of treatment. Many feel that if it is not complex, it is not science, 


4G. S. Hall, Love and Study of Nature, Mass. State Board of Agric., 1898. 


a 
e 
‘ 
| 
‘ #4 
| 
| 
eer 
| 
\ 
j 
= 
an 
1 


756 . SCHOOL SCIENCE AND MATHEMATICS 


and do not see it as useful information. Teachers think that 
science must be difficult, and whenever a choice offers, choose 
the more inexplicable thing. President Butler says: “It is a 
common thing to hear it said that since life is full of obstacles 
and character is strengthened by overcoming them, so the school 
and college should not hesitate to compel students to do dis- 
tasteful and difficult things, simply because they are distasteful 
and difficult. I do not hesitate to say that I believe that doctrine 
to be profoundly immoral and its consequences calamitous. But, 
it is answered, you certainly would not trust to a student’s whims 
and allow him to do or not do as he pleases. Certainly not— 
that is not the alternative. The proper and scientific course is to 
search for the pupil’s empirical and natural interests, and to 
build upon them. This requires knowledge, patience and skill.”® 

Teachers feel that no statement should be made that is not 
complete, forgetting that the meaning of “complete” varies with 
the age of the pupil; and in order to accomplish this completeness 
and gather up all stray ends, they feel that it is absolutely 
necessary to use formule and definitions, which seldom mean 
anything to the pupil. It has been claimed that general science 
by the project method is superficial. I am not so sure that even 
if it were superficial it would be worse than being artificial as 
science teaching now is with this host of definitions and formule. 
The besetting sin of the teacher is the idea that nothing in science 
is educational unless it is thorough. This does not hold true in 
history. Why should it in science? 

The subject taught, whatever it be, must be attended by a 
purpose or motive on the part of the student. Where this is lack- 
ing, the project supplies it. Where it is present, the project 
meets it to the student’s satisfaction, leading him to further 
problems. We who have passed the high school age do not go to 
our chemistry text to understand the qualities of the tires on our 
car. Nor do we go to the technical discussion of the storage 
battery in our physits text to enable us to fix our battery. .We 
read literature from the automobile company because it satisfies. 
It is vital, concerning, appealing, touching closely to the project 
we have at hand. Children are men and women immature, and 
do not enjoy or profit by studying the dry, unrelated, to them 
artificially organized, facts, principles and theories set before 
them any more than we would. When we want to begin keeping 
hens, or if we want to make good butter, we get a Farmer's 


5Butler, Meaning of Education, p. 85. 
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Bulletin. This cracks the nut. Projects for general science should 
do the same thing. General science should not be crystallized 
between two covers of a book, but should consist in a variety 
of projects, one suggesting the next for a while so as to give a 
unity to the child’s mind during this period. Only in this way 
can we hope to give a science that will attract and satisfy the child 
and the public, and give something that will be lasting and useful 
in later life. 


THE USE AND ABUSE OF THE LIBRARY IN THE TEACH- 
ING OF PHYSICS.’ 


3y Tuos. E. Dovust, 


Armour Institute, Chicago. 


In the consideration of the use and abuse of the library in 
the teaching of physics, the welfare of the child must be our 
foremost thought. No two children are exactly alike, yet all 
have common requirements in mental discipline, in opportunity 
for growth, and in intellectual assimilation. The sterling traits 
of individuality are worth all it costs to preserve them. 

Good teachers would not have much difficulty in imparting 
instruction in physics without books. In fact, this would be ar 
ideal way if economy of time and teaching effort were no object. 
The ancient Greeks were masters of this method of teaching, 
and used it effectively in giving instruction in philosophy. The 
positive dislike of Greek thinkers for detailed experimental in- 
quiry delayed the progress of science two thousand years. For 
instance, instead of acquiring facts about optics they spent their 
energies in speculating about the nature of light. 

To secure the best results for the normal child with this 
method, the requirements are the ideal teacher and unlimited 
time. In intermediate and secondary schools, individual instruc- 
tion is altogether too limited. Time is wasted on nonessentials. 
Students are rarely encouraged to follow up their own initiative. 

The textbook must be available whenever the teacher cannot be 
appealed to and for guidance, the library must furnish most of 
the attractive signboards and projected illumination on the roads 
which the student seeks to travel. 

Though physics originated less than four hundred years ago, 


1Read at the spring, 1915, conference of the affiliated school with the University 
of Chicago. 
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much biographical material is available and would be attractive 
to any student who enjoys reading good books. Biographies of 
living men are more attractive than those of earlier times. This 
furnishes a rich field for the current magazine which the wide- 
awake librarian will not be slow to preémpt. New discoveries 
are always alluring and legitimate subjects for wide reading. 

Perhaps with adequate guidance, we would occasionally have 
boys like James Clerk Maxwell who was experimenting on elastic 
solids at the age of eleven and at fifteen, he was reading that 
prose poem of mathematical physics, Fourier’s Analytical Theory 
of Heat. 

Certainly it would not lessen the interest of girls in physics 
to read incidents in the lives of Caroline Herschell, Madam Curie, 
or of the late Mrs. Professor Draper. For boys contemplating 
the engineering profession, the story of what Rowland did at 
Niagara Falls; what Kelvin did for the Atlantic cable or what 
Eads did for the Mississippi river would be interesting reading. 
Not less interesting would be the sketch of what our two noble 
Americans did at Panama, the achievements of one in medicine 
and the other in engineering having been recently recognized 
by Congress. 

Prof. Millikan told me that his son, only eleven years old, has 
read the book How Jt Works through with absorbing interest and 
is a constant reader of the Technical World. All children are in- 
terested in the “go of machines”; why not supply them with books 
that would stimulate this interest ? 

This spirit of wonder which a child has, assuredly should not 
be dampened as the child grows older, but should be intensified 
and deepened with maturity. Great men frequently show this 
spirit of wonder in striking form and it is a privilege for young 
people to be associated with them. The library furnishes the 
means for bringing this companionship even to the humblest 
child. 

Lord Lister, the famous antiseptic surgeon, manifested this 
receptivity to a remarkable degree. His senses were highly de- 
veloped and they all seemed to be keenly alive to every impression. 
With his brother, the curator of the British Museum, and Sir 
Michael Foster, he was walking across a western college campus 
one summer day. The grasshoppers were thick and flying fre- 
quently with a clattering noise. Lord Lister was immediately 
attracted by the noise which to him was new. All his senses were 
aroused. The novelty of the phenomena attracted him and he 
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sought by question and observation to become more thoroughly 
acquainted with those insects. 

Another illustration might be cited. In the great library of 
Prince Louis Napoleon, where ponderous volumes were ranged 
shelf upon shelf—such works as were created by Humboldt and 
Bonplandt after their return from South America—a conver- 
satione was being held in honor of the Congress of Physicists in 
Paris in 1900. The exhibits were such things as X-rays, wireless 
telegraphy, liquid air, multiple telegraphy, Tesla coils, all new at 
that time. Among the many distinguished guests were Lord and 
Lady Kelvin. Lord Kelvin showed this same spirit of wonder, 
heightened curiosity, all senses alert for every possible sensation. 
It was impressed upon me then and the conviction has grown 
with observation and reflection since that great men are direct in 
their actions. Their greatness is made up of simple elements 
greatly intensified. They bring to their help not only well-trained 
senses but eyes gained by knowledge. This attitude of mind is 
characteristic, of unspoiled children. Alas, how seldom we meet 
with it in secondary schools. The library has no small function 
to play in fostering and keeping alive this natural prerogative of 
child life. 

But, how frequently have we observed the spirit of inquiry 
killed in a bright student when he is sent to an encyclopedia to 
look up a certain subject. The article in question is usually 
written by an expert for experts. One illustration would show 
the folly of such a use of the library. In the old Encyclopedia 
Britannica, there is an article on “Wave Theory” by Lord Ray- 
leigh. It was used by a university professor as the basis of:a - 
course of lectures four times a week for three half years to 
graduate students. The last edition of the Encyclopedia Britan- 
nica has this article split up into a number of sections and dis- 
tributed throughout that great work; nevertheless the principal 
paragraphs are as difficult reading as in the preceding edition. 

However, we must admit that a man should have a wide use 
of reference texts and encyclopedias. To learn an effective use 
of these resources, the student must have guidance that is readily 
accessible. Not only should a good card catalogue be available 
but bibliographies with some estimate or appraisal of the different 
articles should be accessible on important topics. 

At the Armour Institute of Technology, I am giving a course 
in “Radiation” as an elective to about a dozen advanced students. 
Our librarian worked up the bibliography of the subject and the 
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result was forty typewritten pages of titles and this included 
only magazine articles within the last four years. If carefully 
classified and evaluated this should prove of good service to the 
student. 

The reading room of a library should be a place where any 
child would be delighted to go, not only for a few minutes but 
regularly. An extension of the library may readily be made by 
the use of the opaque projector. The page of any book maj 
be shown to a large audience. Thus the large cabinets of lantein 
slides no longer need to be indefinitely expanded. 

The use of numerous texts for collateral reading is not an 
efficient plan. No two texts are written with the same idea in 
mind, so that the student is discouraged and his energies dissi- 
pated in attempting to get the new author’s viewpoint. There is 
exhilaration to the student in having definite requirements in the 
text for each day after the instructor has given an introduction. 
The student gathers momentum as he progresses if he is held for 
these definite assignments. 

Encyclopedias, reference works, and collateral texts are of 
great use to the teacher and large expenditures may be justified 
by the librarian for such books on the ground of secondary effect 
upon the students through the instructor. 

Clerk Maxwell has been mentioned. He is worthy of all honor 
and confidence. His treatise on “Electricity and Magnetism” has 
been the point of departure for most of the researches on the 
subject for the last forty years. He wrote a little book, Matter 
and Motion. It is a classic, a model of its kind and has been 
recommended to high school teachers for the use of their pupils. 
What is difficult reading for the average college student certainly 
cannot be easy reading for students of less maturity. 

Newton’s Principia would not be a good book to put into the 
hands of a high school pupil if we would have him learn how 
pressure produces motion nor would we give him Maxwell’s 
Treatise on Electricity and Magnetism to be used as a text, ad- 
mirable as these works are, but we should encourage the spirit 
of play such as Newton exhibited in his study of soap bubbles 
or a better instance, because more modern, the way in which 
Faraday played with wires and needles in his researches in elec- 
tricity and magnetism. 

A number of years since, I gave a college course in physics 
without the use of a textbook. My students were supplied with 
mimeographed notes of the important statements in each lecture 
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and referred to the library for the bulk of the subject matter 
usually given in a text. We began with the subject of heat and 
developed the principles of mechanics as the need arose for 
them in dealing with thermal phenomena in much the same logical 
order that Maxwell followed in his initial course in experimental 
physics at Cambridge University. The course was largely illus- 
trated with experiments in the lecture room and supplemented 
by a closely correlated course of experiments in the laboratory. 

I followed this plan for two years. The students seemed to 
have developed the scientific attitude more readily and while not 
depending upon memory so much, their thinking was more pre- 
cise and dependable than the students who used the textbook the 
three previous years. High school students are not usually pre- 
pared nor have they the ability to take good notes of lectures. 
Even college students usually have difficulty in mastering a 
subject given only in lectures. Hence a textbook properly inter- 
preted by the teacher supplies the omissions in the lecture and 
even corrects the mistakes of the teacher himself. 

Is not one of the aims of a course in physics not so much to 
develop the habit of reading as to encourage the use of the ability 
to think? It is true as Maxwell points out that we should imbue 
the minds of our students with correct dynamical principles and 
“provide for the diffusion and cultivation not only of true scien- 
tific principles but of a spirit of sound criticism founded on an 
examination of the evidence on which statements apparently 
scientific depend.” 

Helmholtz made considerable progress in pure mathematics 
after he had accomplished his monumental work in sound. A 
student will make much more rapid progress in the study of 
physical principles by means of books after he has a firm founda- 
tion in sense perceptions from a good course in laboratory work. 
Deductive physics may be good for advanced work in college but 
it does not commend itself to me for use in secondary schools. 

Those who are studying radioactivity tell us that there are 
sources of energy locked up in atomic structures which are almost 
limitless and so far we have been able to appropriate these stores 
only to a very slight extent. Anything that we can do does not 
seem capable of accelerating or retarding the rate of evolution of 
this primordial energy. The analogy to the educational problem 
is obvious. We subject the pupil to observation, to various con- 
ditions more or less favorable to his development in the hope 
that we may discover an environment which will unlock the soul 
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of the child and set free his boundless possibilities. We seek to 
teach by practical methods the elements of letters and of science 
and the art of accurate expression, the ability to think and to 
control the will. And-undoubtedly we can believe with Michael 
Faraday that that point in self-education which consists in teach- 
ing the mind to resist its desires and inclinations until they are 
proved to be right, is the most important of all, not only in things 
of natural philosophy but in every other department of daily life. 

Physics is an experimental science. There are real and great 
difficulties in the subject itself to every earnest student. Specu- 
lation has a very subordinate part without we use detailed exper- 
imental enquiry for the acquiring of facts and the testing of 
hypotheses. Too often the child is encouraged to spend his 
energies in speculating like the ancient Greeks about the nature of 
phenomena instead of giving real descriptions of the facts. The 
test and proof of our efficiency is found in reviewing, in re- 
thinking, in reknowing, and in reproduction of the subject matter 
in language at once appropriate and precise., 

Professor Fitzgerald of the University of Dublin once wrote 
that the cultivation and training of the practical ability to do 
things and to learn from observation, experiment, and measure- 
ment is a part of the education which the clergyman and the 
lawyer can maybe neglect because they have to deal with emo- 
tions and words but which the doctor and the engineer can only 
neglect at their own peril and that of those who employ them. Sir 
John Morley says the essential thing for progress is to leave all 
ways open for the advent of your hero, for no man can possibly 
know by which road he will come; and this is as true in science 
as it is in the affairs of government. 


The total production of all kinds of steel ingots and castings in 1913, 
according to the American Iron and Steel Institute, whose figures are ac- 
cepted by the United States Geological Survey, was 31,300,874 long tons, 
against 21,599,931 long tons in 1912. The production of steel by the elec- 
tric process in 1913 amounted to 30,180 tons, compared with 18,309 tons 
in 1912. In 1908 only 55 tons of electric steel was produced. On Decem- 
ber 31, 1913, the number of completed plants which were equipped for 
the manufacture of steel by the electric process was nineteen, an increase 
of five over the number a year previous. 
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PHYSICS PROBLEMS 


DIAGRAMS FOR SOLVING PHYSICS PROBLEMS. 
By Joun W. ScovILte, 
Central High School, Syracuse. 


By means of diagrams it is possible to solve hard problems in 
specific heat and heat of fusion in about thirty seconds. These 
diagrams are useful in checking up the measurements of students 
in calorimetry experiments; in a few seconds the teacher can 
tell the student whether the observations are accurate enough to 
warrant him in going through with the calculations or whether he 
should repeat the experiment in order to get a new set of data. 

To make a diagram for solving problems in specific heat, draw 
a horizontal line, about forty-five centimeters long, and divide 
it into one hundred units. This is the temperature line which is 
shown in Figure 1. Above this line and parallel to it, draw lines 


EMPERATURE = LIne 


tuo 


a 
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WEIGHT oF WATER 
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to represent the weight of metal taken and similarly below the 
temperature line draw lines to represent the weight of water 
into which the metal is dropped. The spaces between the upper 
parallel lines will be less than the spaces between the lower 
parallel lines; the ratio of the width of the upper and lower 
spaces being the same as the ratio of the specific heat of the 
metal used to the specific heat of the liquid into which it is 
dropped. 

Suppose the diagram is constructed and we wish to solve 
this problem: 1,500 grams of iron at a temperature of 90°C. is 
dropped into 350 gms. of water at a temperature of 20°C.; what 
will be the temperature of the mixture? Insert a pin in the dia- 
gram at A to show the weight of the water and the temperature 
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of the iron. Insert another pin at B to indicate the weight of 
the iron and the temperature of the water. Place a straight edge 
against these pins and where this crosses the temperature line, 
read off the temperature of the mixture. 

Figure 2 shows a diagram for solving problems which deal 
with the mixing of ice and water. The temperature line is 180 
units long and the spaces above and below it are of equal width. 
Suppose we are to solve this problem: 200 gms. of ice at tem- 
perature of zero is dropped into 400 gms. of water at tempera- 
ture of 80°C.; what will be the temperature of the mixture when 
the ice is melted? Insert a pin A on the vertical line at the ex- 
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treme left of the diagram to represent the weight of warm 
water. Insert a pin B to represent the weight of the ice and 
the temperature of the hot water. Place a straight edge against 
these pins and where this cuts the temperature line, read off the 
temperature of the mixture. 

Suppose we were to find out how much ice would be required 
to cool 400 gms. of water from 100°C. to 0°C. Insert pin A 
as shown in Figure 1; put the second pin on the temperature line 
at 0°, connect the two with a straight edge, and where this cuts 
the vertical line at the right of the diagram, read off the weight 
of ice required. 

A diagram like Figure 2 can be constructed to solve prob- 
lems in the condensation of steam. The distance marked 80 units 
in Figure 2 will now be made 536 units long, the whole tempera- 
ture line being 636 units long and the zero reading being at the 
extreme right. 
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Figure 3 shows a diagram for solving problems on lenses or 
joint resistance. Draw BD perpendicular to EC and draw AD 
to bisect angle BDE. On BD, DC, and ED mark off equal 
spaces. At these points on ED erect perpendiculars to cut AD. 
The spaces on AD will be longer than the spaces on DC or DB. 
Suppose we wish to find the image distance when the object 
distance is 4 and the focal length of the lens is 1.5. Insert a 
pin at A to indicate the object distance, insert a pin at B to indi- 
cate the focal length of the lens. Place a straight edge against 
these pins and where this cuts the line DC, read off the distance 
of the image from the lens. It can be seen that if the object 


4, 
¢ 
x 
op 
2 
w& 
~ 
; 
' ' by 
: : 
: ay}! 
D IMAGE DISTANCE 


FiG 3 Tews. 
distance is infinite, the image distance is the same as the focal 
length. If the object distance taken is less than the focal length, 
the straight edge will intersect the horizontal line at the left of D, 
indicating that the image is now virtual. 

To use this diagram to get joint resistance, insert a pin on 
DC to indicate one resistance, insert a pin on AD to represent the 
other resistance, and where the straight edge connecting these 
pins cuts the vertical line, read off the joint resistance of the two 
wires in parallel. Transferring this resistance to the line AD, 
it could be combined with the resistance of a third wire, and so on, 


Describe construction of Leclanche cell. 
A.: Packed around the carbon is magneise of dioxide and emersed 
in sulphuratic acid. 


Q.: Why is a balloon not completely filled before releasing? 

A.: It would rise too quick and the outside air gets in as it goes 
up and the higher up it gets it condenses because the air is hot 
high up. 


State how the freezing point is marked on a thermometer. 
A.: Place it in melting ice and mark how high the rerchery goes. 
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ALMOST APPARATUS. 
By H. W. 
Columbia University, New York City. 

I don’t think that | have ever recovered from a disappointment 
which | suffered in my boyhood. The advertisement of a tele- 
scope, which | had seen in some more or less reliable journal, 
was the cause of the trouble. The description was so suggestive 
and the accompanying picture so attractive that | felt that if 
only it were possible for me to possess such a beautiful instru- 
ment, the world would be mine forever. At last my grandfather 
sent for this unusually valuable scientific article, and when the 
package arrived he presented it to me with due ceremony. 

To my first glance that telescope looked just like the picture, 
but soon I began to discover some differences. The first thing 
I noticed was a flaw in the brass cap at the small end, then the 
sliding tubes were only too evidently constructed from brown 
paper, and finally | found that after very careful focussing, by 
holding the eye in a very definite position, and by keeping the 
telescope very steady, I could see the trees across the fields 
almost as clearly as I could without the coveted instrument. 

With such is science too frequently aided (7). The evil done 
in this way in many secondary schools and small colleges is 
‘ probably greater than that wrought by the over-expensive un- 
necessary apparatus of a few institutions where ideas of experi- 
mental physics are illustrated by impressive nickelled and 
lacquered whatnots in dustproof cases. But this is another story. 
The work with the hopelessly inadequate and flimsily constructed 
appliances is generally worse than none at all. 

There always will be, I hope, boys with a type of constructive 
ability sufficient to solve experimental difficulties with the crudest 
sort of apparatus. They’are, however, so few in number that 
they may be omitted from consideration here, and anyway it is 
hardly right to handicap these few by over-emphasizing the wrong 
thing. Neither would one wish to present experiments in which 
there were no difficulties. Such would afford no opportunity 
for developing the mind of the student along some very desirable 
lines, and would, after all, give no true conception of the reality. 

The purpose of laboratory instruction is primarily to give the 
student first-hand knowledge and acquaintance with phenomena, 
the qualitative view, and then to enable him to determine the 
magnitude or quantitative value of what he has seen. Acquain- 
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tance without measurement is often misleading, and tends to 
superficiality, already too prominent in circles wider than those 
drawn about educational institutions. The student should ex- 
pect to see what he is looking for, not merely to get a glimpse, 
but to identify in some manner such as measurement affords. 
Not until he has done this can he truly say that he has conducted 
an experiment. If the performance can not be repeated with 
practically the same result, naturally he gets little or no benefit 
from the laboratory. 

The conclusion is then that no apparatus should be put into 
the hands of elementary students unless it will meet these require- 
ments of laboratory instruction. Such a test would doubtless 
put a great deal of well-advertised so-called apparatus on the 
back shelves, where it belongs. However, a further criterion is 
necessary, and this of a most practical nature. Teachers who 
handle large classes find it continually advisable to caution stu- 
dents to use great care in handling even some of the most simple 
pieces, and with all this expect each year no inconsiderable crop 
of breakages. There is a point beyond which cheapness is no 
longer a virtue. Apparatus which will not stand up with real 
use is dear at any price. A laboratory should give the students 
every opportunity for handling instruments and observing their 
construction and operation. If it is necessary to curtail this 
opportunity in order to prolong the life of the apparatus, the 
instruction is faulty. 

It may emphasize the point if I cite a few definite cases. Take, 
for example, the very common and invaluable thirty centimeter 
ruler. An examination of a number of rulers showed several 
with errors as large as five millimeters in the whole length, and 
edges which were very far from giving the shortest distance be- 
tween the end points. A millimeter division in one part of the 
scale might be nearly twice as long as one at another point. Yet 
we claim that the measurement of length is one of the most ac- 
curate possible, and frequently call for measurements to tenths 
of a millimeter ! 

Spring balances come in for no little criticism, as the weighing 
of the same object on several of the cheaper balances will testify. 
Yet it is possible to obtain satisfactory balances at a reasonable 
price. Galvanometers seem to have received from the manu- 
facturers of elementary apparatus a great deal of attention of a 
doubtful character. It is now possible, I am told, to purchase 
one of the moving coil type, new, for less than $2.00. To a 


; 
° 


7638 SCHOOL SCIENCE AND MATHEMATICS 


school board or purchasing agent all galvanometers may look 
alike, but the man who uses them will distinguish between gal- 
vanometers and “junk.” 

The equipment for experiments with mirrors and lenses 1s 
in many places a source of more annoyance than profit. One 
teacher fecently stated that students could get quite good results 
with a few blocks on a table, and wax with which to fasten 
lenses and screens to the blocks. A meter stick made the outfit 
complete. Simple as it is, this is far better than much of the 
more elaborate devices I have seen. However, I can hardly agree 
that this is all that is desirable or even necessary. Good apparatus 
commands respect, and never have | seen a better illustration 
than in the case I mention below. 

A few years ago our equipment for optical benches was 
rapidly becoming useless, through breakage, repeated bending, 
and various ill-advised attempts to use pieces as the maker never 
expected that they would be used. There was no suitable 
apparatus on the market at a price which we could pay, so with 
the aid of our mechanic and the co-operation of a colleague | 
built a bench with fittings which seemed to meet all our require- 
ments. There was nothing new or startling about the outfit, it 
was not expensive, and it would stand any amount of use. The 
first class had not finished their experiments with the bench be- 
fore students began to ask where they could purchase such an 
outfit for use at home. We were fairly compelled to go to an 
apparatus firm and ask them to manufacture this equipment. 
Since then there has not been a class in which some men did not 
purchase benches on which they could continue experiments at 
their leisure. 

I hold no brief for the apparatus firm. I have already spent 
more time in persuading them to make the bench than they 
would be willing to pay for. But my point is that the students 
recognized that the outfit was worth while. And so it is with 
the other experimental work. The equipment for which apology 
is necessary, which demands unceasing attention to avoid errors 
in manipulation, will always hold the mind of the student on 


the wrong thing, and in the end serves only to permit the state- 
ment that the student has spent so many hours in the laboratory, 
and has performed so many “experiments.” 

Where the fault lies I do not know. Manufacturers will prob- 
ably never refuse to make stuff which looks as well as apparatus 
in a catalogue, so long as individuals will spend money for it; 
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teachers will probably always attempt to equip their laboratories 
with the appropriations set aside for that purpose; school au- 
thorities will probably be as generous as the taxpayers will per- 
mit; and few people wish to increase the tax rate. Yet some- 
where along the line there should be men and women of force 
and determination who will not allow the further existence of 
“almost apparatus.” 


How can the acoustics of a hall be improved? 
By having a slightly doomed ceiling. 


How do the air particles move during the passage of sound? 
The air particles move back “and forth.” 


PO PO 


THE TESTING OF RUBBER GOODS. 


The Bureau of Standards, Department of Commerce, is about to issue 
the third edition of a circular on the testing of rubber goods. This publica- 
tion which has been very much enlarged is fully illustrated and describes 
in detail the method of procedure in conducting physical and chemical 
tests of rubber. The testing machines and apparatus developed at the 
Bureau of Standards greatly facilitate the testing of rubber and the 
object of this circular is to assist manufacturers and consumers in estab- 
lishing standard specifications and standard methods of test. The subject 
matter proper is introduced by a brief outline of the processes through 
which rubber passes before reaching the factory, followed by a short 
description of the usual processes of manufacture, which include washing, 
drying, compounding, “making up” various articles, and vulcanizing. The 
physical tests most commonly employed are explained very thoroughly. 
These include tests for tensile strength, ultimate elongation and elasticity. 
Conditions affecting the results of tests are discussed at some length and 
experimental data are given to show the necessity of a standard procedure 
in testing. 

A general discussion of the chemistry of rubber is followed by a brief 
explanation of the object of each of the analytical determinations that 
are commonly made. After this there are given in detail the methods in 
use at the Bureau for each of these determinations. They are not entirely 
original, but have been compiled from the various publications on rubber 
analysis, from the information gained through the routine testing of rubber 
goods for delivery on Government contracts, and from co-operative re- 
search with various scientific organizations. 

The tentative method of analysis and specifications for thirty per cent 
Hevea insulation compounds, adopted by the joint Rubber Insulation Com- 
mittee, are next given: 

A bibliography listing the more important books and journals devoted to 
rubber, and the Bureau’s regulations regarding the testing of rubber goods 
conclude the circular. 

Copies of the publication, Circular No. 38, may be obtained by interested 
parties upon application to the Bureau of Standards, Washington, D. C. 
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THE DISTRIBUTION OF orn BY MEANS OF FARM 


By KATHARINE THOMPSON, 
Normal School, Macomo, Illinois. 


A weed is a plant which grows where it is not wanted by man. 
All foreign seeds in any variety of farm seeds may, in this sense, 
be regarded as weeds; but in our thought of them they mme- 
diately fall into two classes. JT irst, the seeds of other farm 
plants, valuable in themselves, perhaps, or at any rate not harm- 
ful, but not desired along with this particular crop. Second, the 
seeds of plants not wanted on the farm under any condition— 
thosé plants which, from some characteristic or other, have be- 
come pests. These plants lower the value of the crop by absorb- 
ing from the soil the moisture and food needed by the crop, by 
smothering or strangling it through their rank growth, or by 
stealing from it its life juices, as does the parasitic dodder ; they 
lower the value of the land upon which they grow, because it is 
a tremendous task to eradicate them from a field once they are 
established there. ‘This is the type of weed which is to be con- 
sidered in this report. 

Besides reducing the value of the crop and decreasing the 
value of the land on which they grow, weeds increase the ex- 
pense of harvesting a crop; e. g., grain badly entangled with 
bindweed entails trouble in cutting, handling and threshing, and, 
unless cleaned before marketing, has, in the states where seed 
laws are in effect, a greatly reduced market value. Some species 
of weeds are poisonous to cattle, as Jimson weed, pokeroot, wild 
black cherry, or ergotized seeds of any of the grasses; they may 
be poisonous to man, as, it is said that the flour ground from 
cockle-infested wheat has been known to cause violent illness. 
The flavor of the meat or the milk is sure to be affected when 
cattle eat pennycress, wild onion, etc. The state of lowa was 
estimated to have lost twenty-five million dollars through weeds 
in 1912. 

These and other ill effects brought about by allowing weeds 
and weed seeds to grow and flourish render it very desirable to 
rid ourselves of them as far as possible. With this purpose in 
view, the U. S. Department of Agriculture and many of the state 
governments through their Experiment Stations have been work- 
ing during a number of years on the problem of the control and 
extermination of weeds. The first step toward the solution 
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of any problem is to understand and state its conditions, and 
this is what these various agencies all over the country have been 
trying to do. They are discovering by the analysis of thousands 
of grain and grass samples what the impurities in the seeds are, 
who or what is responsible for their being there, and what are 
tne best steps to take to get rid of them. 

The educational part of the work has been and still is, very 
important. Its aim is to reach by literature, lectures, etc., the 
mass of the farmers who are sowing the seed, to lead them to 
see the importance, the absolute necessity of using clean seed, 
and of keeping fields, pastures, roads and waste places, free from 
all sorts of weeds; to teach them which are the bad weeds and 
what should be done to kill them; and to train them to make 
use of the scientific equipment and the scientists provided by 
the state and national governments to help them make their 
work more effective. 

The next step is to secure laws which protect the farmer by 
forbidding the sale of impure seed, and to have these laws en- 
forced. Reports from many of the states indicate good co- 
operation from the dealers in trying to enforce the laws and raise 
the standard of their seeds. But even though the dealer may 
be very careful to have his seed as pure as possible, it is likely 
to contain some weed seed, as the seeds of certain weeds re- 
semble the grass seeds so closely in size and weight that it is 
very difficult to separate them. On the other hand, some deal- 
ers, according to the data from certain states and from the 
samples secured from foreign countries, either adulterate their 
seeds or are very careless about what gets into even what is sold 
for their best grades of seed. This is especially true in those 
seasons when there is a short crop of the seed most in demand. 
The Department of Agriculture recommends that seed contain- 
ing more than one per cent of foreign seeds be considered below 
grade. This would mean of course less than one per cent of 
‘weed seed. By reference to some of the following tables it will 
be seen that the number of weed seeds present in one per cent 
of the weight of the seed might easily be very large. 

A great many weed seeds are spread by the commercial stock 
foods on the market. They are mixed carelessly, often from 
low-grade grains or the screenings of better grades, and contain 
large numbers of weed seeds. The juices of the alimentary tract 
have no effect upon these hard seeds, and they are deposited 
on the land, carefully spread out in the barn-yard manyre, to 
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get an excellent start, perhaps even to seed, before the farmer 
realizes that they have settled down on his premises. 

Other seeds are spread by adhering to the sacks in which grain 
or grass seed has been carried, and still others travel from farm 
to farm in wagons, sleighs, threshing machines, fanning mills, 
baling presses and other farm machinery. Perhaps the most 
curious carriers reported are vegetables such as potatoes and 
carrots which are penetrated by the spiny parts of quack grass 
or Bermuda grass, thus holding the seed so that it is ready to 
grow when the vegetable is placed in the ground to mature. 

But, according to the records of the Department and the 
various other sources of information, it appears that the most 
prolific sources of distribution for weed seeds on the farm are 
farm seeds, especially commercial seeds and those sold as food 
for farm animals. The greater part of our most aggressive and 
unmanageable weeds are not of native origin, but have been in- 
troduced in seeds or imported grains, and, having found the new 
environment more favorable than the old, have spread and flour- 
ished throughout the greater part of the country. Many ex- 
amples of such weeds might be given, among them being the 
Russian thistle, orange hawkweed, pennycress, dodder, quack 
grass, several species of mustard, and the widely spread buck- 
horn or rib grass. 

The tables, lists, etc., which follow have been selected from 
data furnished by the Experiment Stations of Iowa, Kansas, 
North Dakota, Michigan, Kentucky, Maryland and from a the- 
sis from the University of Wisconsin. The heading explains each 
of them. 


From MicwicAN Seep ANALYSES, 1912. 
Noxious Weed Seeds Found in Commercial Seeds. 


Name of Weed. 85 gs 

Number of samples .............. 199 44 114 6 33 15 
1 Sar 1 an 
4 5 1 3 4 
1 1 1 
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15 8 84 4 2 10 
2 46 1 3 9 
Night-flowering catchfly ......... 4 6 5 1 


Other seeds of weeds, not regarded in Mishigen as noxious, 
found in this same set of samples are as follows: 


Alfalfa: Yarrow, yellow alyssum, tumbleweed, rough pigweed, rag- 
weed, burdock, yellow foxtail, green foxtail, sand bur, lamb’s-quarters, 
hare’s-ear, field bindweed, barnyard grass, gum weed, sunflower, mallow, 
white sweet clover, tickle grass, switch grass, knotgrass, knotweed, wild 
buckwheat, smartweed, black-eyed Susan, field sorrel, yellow dock, Rus- 
sian thistle, crab grass, nettle. 

Alsike Clover: Chickweed, tumbleweed, mayweed, shepherd’s-purse, 
mouse-ear chickweed, green foxtail, lamb’s-quarters, spike rush, cow cress, 
wild peppergrass, white sweet clover, tickle grass, rough cinquefoil, sorrel, 
yellow dock, tumbling mustard, crab grass. 

Red Clover: Chickweed, prostrate amaranth, tumbleweed, rough pig- 
weed, ragweed, mayweed, sandwort, mouse-ear, chickweed, yellow fox- 
tail, green foxtail, spurge, prickly lettuce, motherwort, wild peppergrass, 
mullein, ray grass, mallow catnip, broom corn, millet, switch grass, bracted 
plantain, common plantain, smartweed, lady’s-thumb, rough cinquefoil, 
sorrel, field sorrel, yellow dock, bitter dock, Russian thistle, sleepy catch- 
fly, ergot, small crab grass, large crab grass, slender nettle, blue vervain. 

White Clover: Tumbleweed, Mayweed, shepherd’s purse, mouse-ear 
chickweed, wild peppergrass, common plantain, yellow dock. 

iimothy: Wild peppergrass, knotgrass, smartweed, self-heal, sorrel, 
yellow dock, field sorrel, Russian thistle, slender nettle, blue vervain. 

Lawn Grasses: Prostrate amaranth, tumbleweed, rough pigweed, shep- 
herd’s-purse, mouse-ear chickweed, fireweed, celandine, roquette, worm- 
seed, mustard, wild peppergrass, bracted plantain, common plantain, self- 
heal, buttercup, radish, sorrel, yellow dock, spurry, ergot, mullein. 


The summary of the data from the lowa Experiment Station 
concerning the chief weed seeds found in the various kinds of 
farm seeds is as follows: 


1913—Alfalfa: Quack grass, pigweed, ragweed, wild mustard, black 
mustard, knapweed, lamb’s-quarters, chicory, hare’s-ear mustard, dodder, 
crab-grass, rocket, wild geranium, marsh elder, sweet clover, old witch 
grass, buckhorn, smartweed, black bindweed, curled dock, Russian thistle, 
green and yellow foxtail, vervain, bur clover. 

1913—Clovers: Wild mustard, black mustard, corn flower, lamb’s quar- 
ters, chicory, Canada thistle, bull thistle, dodder, wild carrot, crab grass, 
spurges, wild geranium, peonvergrass, horehound, Mexican dropseed grass, 
evening primrose, old witch grass, ground cherry, bracted plantain, buck- 
horn, Rugel’s plantain, smartweed, cinquefoil, self-heal, horse sorrel, curled 
dock, green and yellow foxtail, night-flowering catchfly, corn spurrey, ver- 
vain. 

1913—Timothy: Quack grass, ragweed, mayweed, Indian mustard, black 
mustard, shepherd’s-purse, sedges, lamb’s-quarters, crab grass, wild rye, 
spurges, squirrel-tail grass, peppergrass, evening primrose, oxalis, old 
witch grass, buckhorn, Rugel’s plantain, smartweed, cinquefoil, wild rose, 
horse sorrel, curled dock, green and yellow foxtail, smut, chickweed. 

1013—Alsike Clover: Shepherd’s purse, lamb’s-quarters, Canada thistle, 
crab grass, wild geranium, peppergrass, white campion, evening primrose, 
old witch grass, bracted plantain, buckhorn, smartweed, black bindweed, 
horse sorrel, curled dock, Russian thistle, green and yellow foxtail, night- 
flowering catchfly, horse nettle. 

1906—IV heat: Corn cockle, vetch, chess, mustards, darnel. 

1906—Oats: Wild oats, ragweed, mustards. 
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The Kentucky Experiment Station gives the following sum- 
mary of their analysis of farm seeds, showing the weeds most 
common in the samples examined. 


Kentucky Blue Grass: Peppergrass, dog fennel, sour dock, curled dock, 
horse nettle, rough cinquefoil, sedge, dandelion. 

Timothy: Peppergrass, dog fennel, black-eyed Susan, Canada blue 
grass, green foxtail, witch grass, sour dock, pigweed, rough cinquefoil, 
buckhorn, common plantain, red-top (ergotized). 

Orchard grass: Cheat, sour dock, curled dock, velvet grass. 

Red Clover: Buckhorn, common plantain, dodder, bracted plantain, 
sour dock, curled dock, smartweed, horse nettle, crab grass, witch grass, 
igeon grass, green foxtail, peppergrass, chickweed, lamb’s-quarters, nettle- 
eaved vervain, blue vervain, milk purslane. 

Mammoth Clover: Buckhorn, common plantain, bracted plantain, 
dodder. 

Alfalfa: Buckhorn, dodder, wild carrot, pigeon grass, green foxtail, 
self-heal. 

Dodder seeds were found in 37 per cent of the red clover samples, 


' in 36 per cent of the mammoth clover, and in 31 per cent of the alfalfa. 


Sour dock, or field sorrel, was found in 33 per cent of the red clover, 
in 36 per cent of the mammoth clover, in 6 per cent of the alfalfa, in 47 
per cent of the blue grass, in 17 per cent of the orchard grass, and in 22 
per cent of the timothy. 

Buckhorn was found in 41 per cent of the red clover, in 54 per cent of 
the mammoth clover, in 70 per cent of the alfalfa, in 6 per cent of the 
orchard grass and in 5 per cent of the timothy. 

These are generally regarded as the most persistent and troublesome 
of the Kentucky weeds. 


The North Dakota Experiment Station gives the following list 
of the chief weed seeds as determined from the analyses of com- 
mercial seeds made in 1911-12. 


Catchfly, corn cockle, crab grass, pink cockle, darnel, dock, dodder (2 
species), evening primrose, false flax (2 species), Frenchweed, hare’s-ear 
mustard, kinghead, lamb’s quarters, marsh elder, Indian mustard, pepper- 
grass, pigeon grass (2 species), plantain (3 species), quack grass, rag- 
weed, rose, Russian thistle, smartweed, sorrel dock, sow thistle, sweet 
clover, Canada thistle, prairie thistle, tumbling mustard, tumbleweed, wild 
barley, wild buckwheat, wild oats. 


The entire list of foreign seeds is not given because of its 
great length, but is summarized according to the farm seeds 
containing the weed seeds as following: 


Alfalfa, 100 species; alsike, 30 species; flax, 122 species ; oats, 40 species ; 
wheat, 62 species; brome grass, 103 species; red clover, 97 species; millet, 
43 species; timothy, 90 species. 


This seems to indicate more species of weeds present in North 
Dakota than in some of the other states, judging from the data 
at hand. 

Lists of the worst weeds which infest red clover, sweet clover, 
meadow fesque and alfalfa have been made from data collected 
at the Kansas Experiment Station during the eighteen months 
from Jan. 1, 1913, to July 1, 1914. 


Red Clover—80 Samples: Dodder, 11 samples; buckhorn, 33 samples; 
black bindweed, 4 samples; star thistle, 2 samples; Russian thistle, 2 
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samples; cheat, 1 sample; black mustard, 1 sample; charlock, 1 sample; 
Canadian thistle, 1 sample; crab grass, 26 samples; curled dock, 36 sam- 
ples; wild lettuce, 1 sample; bull thistle, 2 samples; smartweed, 17 sam- 
ples; sour dock, 13 samples; dock, 4 samples; pigeon grass, 30 samples; 
barnyard grass, 8 samples; catchfly, 6 samples; pigweed, 16 samples. 

Meadow Fesque—s6 Samples: Cheat, 48 samples; quack grass, 1 sam- 
ple; buckhorn, 7 samples; dodder, 6 samples; curled dock, 34 samples; 
bearded plantain, 34 samples; smartweed, 16 samples; sour dock, 7 sam- 
ples; broad-leaved plantain, 1 sample; crab grass, 2 samples; foxtail, 11 
samples; pigeon grass, 8 samples. 

Sweet Clover—131 Samples: Dodder, 10 samples; buckhorn, 16 sam- 
ples; cheat, 9 samples; Russian thistle, 32 samples; Johnson grass, 2 sam- 
ples; black bindweed, 10 samples; star thistle, 1 sample; quack grass, 2 
samples; roquette, 6 samples; pennycress, 1 sample; broad-leaved plan- 
tain, 3 samples; sour dock, 8 samples; smartweed, 8 samples; charlock, 7 
samples. 

Alfalfa—487 Samples: Dodder, 54 samples; buckhorn, 45 samples; star 
thistle, 33 samples; Russian thistle, 63 samples; Johnson grass, 5 samples; 
black bindweed, 14 samples; broad-leaved plantain, 10 samples; chicory, 17 
samples; roquette, 11 samples; mustard, 8 samples; curled dock, 41 sam- 
ples; sour dock, 3 samples; crab grass, 35 samples; charlock, 4 samples; 
bull thistle, 2 samples; foxtail, 244 samples. 


One sample of alfalfa, bought for pure seed, contained a total 
of 2,015 foreign seeds, all of species of weeds, in the five-gram 
sample. This sample equals a rounded teaspoonful of alfalfa 
seed, and there are approximately 91 teaspoonfuls to the pound. 

The following list prepared by Mrs. E. P. Harling of the 
Kansas Experiment Station is based on samples of Kansas 
wheat secured during the summer of 1914 and examined by the 
Laboratory of Grain Standardization of the U. S. Dept. of 
Agriculture located at Kansas City, Mo. 


Total number samples examined, 396; free from weed seed, 101. 

Lamb’s-quarters found in 178 samples; peppergrass, 113 samples; sinu- 
ate-leaved evening primrose, 103 samples; green foxtail, 43 samples; pan- 
icun sp., 28 samples; knotted hedge parsley, 24 samples; strong-scented 
eragrostis, 23 samples; unidentified sedges, 18 samples; wild sunflower, 7 
samples; lycopus, 117 samples; unidentified grasses, 12 samples; paspalum, 
6 sampless yellow foxtail, 5 samples; charlock, 5 samples; fesque grass, 4 
samples; tick seed, 3 samples; curled dock, 3 samples; barnyard grass, 3 
samples; cleavers, 3 samples; unidentified legumes, 3 samples; solanum 
sp.. 2 samples; wild buckwheat, 2 samples; Russian thistle, 2 samples; 
polygonum sp., 2 samples; malva sp., 1 sample; dock, 1 sample; bitter 
dock, 1 sample; yellow wood sorrel, 1 sample; lady’s-thumb, 1 sample: 
blunt spike rush, 1 sample; willow herb, 1 sample; crab grass, 1 sample; 
prairie bird’s-foot trefoil, 1 sample; wild oats, 1 sample; millet, 1 sample; 
Fremont’s goosefoot, 1 sample; knotweed, 1 sample; bracted plantain, 1 
sample; unidentified seeds, 11 samples; ergot, 3 samples. 


Some Facrs Anout THE VITALITY OF WEED SEEDS. 
(Kansas Experiment Station.) 

Dodder seed will live for five years in the ground, germinat- 
ing at any time conditions are favorable. Each dodder flower 
has four seeds, often sixty flowers in a cluster, and the number 
of clusters almost unlimited; the seed from one plant will often 
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take every host plant within a square rod. If one tiny strand 
of dodder be dropped within reach of a host plant, it immedi- 
ately seizes upon it and begins a new life. Experiments from 
Washington show that dodder will mature seed which in its turn 
will mature seed all in one season. 

Almost half of ten-year-old buckhorn seed grew. 

One hundred per cent of cuttings one-half-inch long, from the 
next to the smallest thread roots of the Canadian thistle grew. 

The sure way to destroy the vitality of weed seeds is to let 
them lie a number of months in the compost heap, as none will 
grow after the heap has thoroughly fermented. 

The following list from the Maryland Experiment Station 
shows the relative size of the seeds of some of the common field 
weeds and farm plants. It illustrates the importance of having 
farm seeds free from even a small weight percentage of weed 
seed, as with some species of weeds a fractional per cent of weed 
seed means the scattering of millions of the very minute seeds. 


Plant No. seeds in 1 pound. 


Another interesting set of data which supplements the former 
table by showing what reproductive power is inherent in these 
weed seeds, has been gathered by Mrs. Harling of the Kansas 
Experiment Station, and gives the number of seeds matured by 
the individual plant in a number of the species. 


Seeds 
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1,200 
1,200 

18,000 
Orange hawkweed (1st crop) ...........00e- 12,000 
23,000 
13,000 to 26,000 
2,000 to 53,000 
300,000 
Pennycress ....each pod 6-12 seeds; unlimited num- 

ber of pods. 


Some interesting data are available from a thesis written in 
the University of Wisconsin in 1913 by Anton John Zahorick 
on “Impurities as a Determining Factor in the Origin of Agri- 
cultural Seeds.” This thesis was loaned to the University of 
Chicago Library through the courtesy of the library officials in 
Madison. 

The writer of the thesis obtained samples of commercial seeds 
from all parts of the world through the assistance of the U. S. ~ 
consuls. These samples were analyzed, and the data obtained 
tabulated in various ways, as (1) the source and name of the 
sample and the weed seed contained therein; (2) the foreign 
seeds found in the samples of agricultural seeds; (3) the com- 
bination of foreign seeds which may be used to determine the 
continent from which the commercial seeds come. 

The following lists and tables are derived from the material 
given in the thesis. 

The following table shows the distribution of the various weed 
seeds found in the wheat samples examined. 
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Green foxtail ....... 
Lamb’s-quarters ..... 
Hare’s-ear mustard .. 
Wild sunflower ...... 
Ball mustard ........ 
Bracted plantain ..... 
Black bindweed ..... 
Night-flower’g catchfly 
.......... 
Field bindweed 
Field dodder ....... 
Hairy vetch ........ 
Thyme-leav’d sandw’rt. . 
Eng. rye grass .... .. 


* He 


Kidney vetch ...... .. 
Small Séed’d false flax .. 
Bull thistle ........ Si 
Yellow foxtail ..... .. 
Wild carrot ........ aa 
Field larkspur ...... .. 
Lorn gromwell .... .. 
Cowwheat ......... 
English plantain . 
Lady’s-thumb ...... 
Dyer’s rocket ...... 
Broom corn millet.. .. 
Hawk’s-beard ...... .. 
White clover ....... Be 
Spring vetch ....... 
Rough pigweed ..... .. 
Pope’s sand parsley.. .. 
Canada thistle ..... .. 
Barnaby’s thistle...... .. 
Goosefoot ......... 
Hemp nettle ....... 
Field peppergrass ... 
Yellow trefoil ...... .. 
Sweet clover ....... .. 
Rough-stalked mead- 
Sweet vernal ....... a 
Tall meadow oat grass .. 
Brome grass ....... .. 
Meadow fesque 
Annual meadow grass .. 
Forked catchfly .... .. 
Creeping buttercup .. .. 
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The most widely distributed weeds according to these data are: 
Black bindweed and cleavers in six countries each; corn cockle, 
charlock and spring vetch in five; and wild oats, Indian mustard, 
field bindweed, hairy vetch and curled dock in four. There is 
no evidence that there were enough samples of wheat from each 
country from which to formulate a general statement. The 
variety of weeds would have been much greater if some of the 
grass seeds or alfalfa or clover were compiled with the wheat 
data in this table. 

Foreign seeds which will determine the continent from which 
the commercial seed comes if all of them are combined in one 
sample are as follows: 


North America: Wild saltbush, sand bur grass, poverty weed, tall 
smooth panicum, blue vervain, cycloloma, gum weed, marsh elder, Russian 
thistle, sinuate-leaved evening primrose. 

South America: Corn cockle, pigweed, mayweed or dog fennel, wild 

oats, Indian mustard, chess, bull thistle, Barnaby’s thistle, lamb’s-quarters, 
chicory, field bindweed, wild carrot, peppergrass, darnel, witch grass, 
English plantain, black bindweed, wild radish, curled dock, spring vetch, 
tumbling amaranth, ragweed, thyme-leaved sandwort, charlock, rape, bar- 
ren brome grass, sedge, green foxtail, goosefoot, poison hemlock, clover 
dodder, meadow fesque, English rye grass, yellow trefoil, pearl grass, 
om enacae plantain, Lady’s-thumb, sheep sorrel, common tansy, hairy 
vetch. 

Europe: Yellow alyssum, kidney vetch, shepherd’s-purse, smooth 
hawk’s-beard, field larkspur, fall dandelion, poppy, annual meadow grass, 
rabbit’s-foot clover, pansy, field camomile, tall meadow oat grass, corn- 
= crested dog’s-tail, hemp nettle, sainfoin, plantain, knotweed, corn 
salad. 

Asia: Red pimpernel, goose grass, indigo, einkorn, smaller burdock, i 
cotton fenugreek. 

From Oceanic Countries: Yarrow, thyme-leaved sandwort, soft chess, i 
barren brome grass, yellow foxtail, lamb's-quarters, smooth hawk’s-beard, 
orchard grass, roquette, sheep, fesque, chickweed, wild oats, chess, mouse- 
ear checkweed, green foxtail, goosefoot, crested dog’s-tail, wild carrot, 
meadow fescue, rat’s-tail fescue, cut-leaved crane’s-bill, cat’s-ear, flax, 
yellow trefoil, knotweed, lady’s-thumb, curled dock, spiny sow thistle, 
corn spurry, spring vetch, velvet grass, nipplewort, mallow, English plain- 
tain, field bindweed, sheep sorrel, forked catchfly, annual sow thistle, hop 
clover, hairy vetch. 


Following is given the distribution of certain common weeds 
in grain samples from different parts of the world. 


SEED. Country From WHICH OBTAINED. 
I. Charlock or Wild Mustard. 
Meadow fesque ........ Germany. 
Meadow grasses ....... Wales. 
Scotland, China, Chile. 
Austria, Germany. 
Crimson Clover ........ Germany. 
Sweden’, Germany, France, Austria. 
White clover........... Germany, England. 
Roumania’, Chili, Austria’, Germany, Wales, Hun- 


gary. 
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SEED. Country From WHICH OBTAINED. 

II. Canada Thistle. 

Wales. 

Canada’, Germany. 

Russia. 

Russia, Sweden, Canada. 

Austria, Japan. 

III, Corn Cockle. 

England, Austria, Sweden. 

Belgium. 

Argentina. 

Austria. 

Austria, Scotland. 

Russia, Scotland, Canada, Austria’, Turkey, 


France, Hungary, Roumania. 
IV. Mouse-ear Chickweed. 


New Zealand. 
Barnyard grass........ India. 
Meadow grass ......... Germany, Belgium. 
English Rye Grass..... New Zealand, Germany, England. 
Canada, Sweden. 
C anada, Germany, England, France. 
White clover........... Germany’, New Zealand, England, Wales. 
Sweden. 
V. Yellow Fo-xtail 
Austria 
Meadow fescue......... Germany 
. Wales. 
Argentina, Uruguay. 
Germany, Greece, New Zealand. 
India, Japan. 
Austria, Hungary. 
VI. Forget-me-not. 
Brome grass......... .Germany. 
Austria, Hungary, Germany. 
Meadow grasses........ Belgium, Canada, Ireland, Germany. 
Italian rye grass.......Switzerland, Germany. 
English Rye Grass..... Denmark, England, Switzerland, Germany. 
Austria, Germany. 
Austria, Russia. 
Germany, France, England. 
VII. English Plantain. 
Orchard grass ......... Germany. 
Barnyard grass........ India. 
Meadow grass.......... Ireland. 
Meadow grasses........ Canada, Wales, Belgium, Germany. 
Italian rye grass....... England, Germany. 
English rye grass...... ss Belgium, Denmark, England, Switzer- 
and. 
sou France, Hungary, Switzerland, Aus- 
tria, New Zealand. 
India. 
Germany and Austria. 


Russia. 
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SEED. Country From WuHicH OBTAINED. 

Germany, Russia, New Zealand, France, England. 

Fe eae Canada, Chile, Germany, Austria, Russia, New 
Zealand, Belgium, England, France, Switzer- 
land. 

i. Seer Germany, New Zealand, England, Russia. 

Wales, Hungary. 

VIII. Field Bindweed. 

Austria, England, Wales, Scotland, Ireland, New 
Zealand. 

Scotland, Wales, Denmark. 

Uruguay, Argentina. 

Austria, Sweden. 

Roumania, Austria, Sweden, Wales, New Zealand, 


Ireland, Hungary, Canada, Switzerland. 
IX. Curled Dock. 


Chile, Scotland. 
Orchard grass ......... Germany, Austria. 
Meadow grasses........ Canada. 
| Wales, Chile, Uenmark. 
France, Germany, Hungary, New Zealand. 
Sweet clover ........+¢/ Australia. 
Germany, Canada. 
India. 
Chile, Sweden, England, Germany, Belgium, 
Canada, New Zealand, Austria. 
White clover........... England, Germany, Russia. 
Roumania, Uruguay, Wales. 
X. Penny Cress. 
Austria. 
Italian rye grass....... England. 
Austria, Canada. 
Germany. 
Sweden. 
White Wales, England. 
Hungary. 


REPorRTS AND BULLETINS ON FARM WEEDS. 


U.S. Bulletins: 28, 660, 368, 545. 

CanapA: Farm Weeds of Canada, Govt. Report. 

MicHicAN: State Agricultural Experiment Station, Bulletin No. 270. 

IowA: Agricultural Experiment Station, Bulletins 88 and 146. 

N. Daxora: Agricultural Experiment Station Extract from 22nd An- 
nual Report, 1912. 

Kentucky: Agricultural Experiment Station, Nineteenth Annual Re- 
port, 1906; Bulletins 127 and 183. 

Kansas: Data from analysis of seeds at Kansas State Agricultural 
College, Manhattan, Kan. 

MARYLAND: Agricultural Experiment Station, Bulletin No. 155. 
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RECENT TENDENCIES IN HIGH SCHOOL CHEMISTRY. 
By Roserr H. Brapsury, 
Head of the Department of Science in the Southern High School, 
Philadelphia. 
i. 

Let me first refer, very briefly, to propositions which affect 
the position of chemistry in the course and the amount of time 
devoted to it. On account of the great industrial importance 
ot the science and of the high probability of its being of value to 
the student after his school-days are over, there has been a wide- 
spread demand that chemistry be started earlier in the course— 
e. g., in the second year—and that two years of it be given. 
Since chemistry is, at present, usually given only in the fourth 
year, it follows that approximately two-thirds of the million 
high school students of the country leave with no knowledge of 
chemistry whatever. This seems an unfortunate method of 
handling a science which is perhaps the most immediately use- 
ful subject of the whole curriculum. 

Further, we need continuation courses in the sciences because 
they will improve the character of the work. As Dewey has 
pointed out, in a memorable essay’, the excellent results undoubt- 
edly obtained by the study of Latin in high schools are probably 
due less to the subject matter of the instruction than to its 
method. Latin runs through the whole four years. The first 
year student knows—or can be effectively convinced—that if he 
neglects his Latin he will be all at sea in it during his second 
year. The second-year student has the salutary pleasure of us- 
ing his first year Latin? as an instrument of further achieve- 
ment. The same statements hold good, with cumulative force, 
for the third and fourth years. 

Let us follow Dewey a little further in setting up an imaginary 
linguistic curriculum, which shall parallel, as closely as possible, 
our present arrangements for the sciences. It would run some- 
what as follows: 

“The time devoted to each language is about four hours a 
week for forty weeks. Latin is finished the first year, French 
the second, German the third, and Spanish the fourth. Similar 
courses are offered, as electives, in Greek and Italian.” 

Supposing that this curriculum were offered, in all serious- 
ness, to a representative group of high school language teachers, 


1Pewey, “Science as Subject Matter and as Method,” Science, Vol. 31, p. 121 
(1910). 


: 
- 
* 
a | 
| 


TENDENCIES IN HIGH SCHOOL CHEMISTRY 783 


would they accept it? Would the herald who voiced the pro- 
posed change escape With his lite irom the tury he had pro- 
voked? And would not the teachers be absolutely justihea im 
their enthusiastic rejection of such a propositions Yet each 
science offers, to the student, a tar greater task than each lan- 
guage. An earnest student can obtain, without overwork or hard- 
ship, a substantial reading knowledge of I'rench in about three 
months. ‘Lhis 1s not the sort of knowledge that will fit one to 
teach a language, but it 1s the key of the treasure-house of Irench 
literature and french science. How much chemistry or physics 
can one learn in three months? Why are we so much more gen- 
erous in our allowance of time to the languages than to scientific 
subjects ? 

binally, it is well to point out that the strong movement to 
establish a generalized science course in the first year has a very 
definite bearing upon the question we are discussing. Something 
like a third of the time appropriated to general science would 
naturally be spent upon the fundamental conceptions of chem- 
istry, and the ideas thus gained would add greatly to the efficiency 
of the chemical work of the later years. 


Il. 

We turn now to the consideration of those suggestions which 
aftect the method and subject matter of chemical teaching. Here 
the chief tendency that calls for comment is a somewhat insis- 
tent demand that the “theory” be cut out of the courses, that 
the work be made more “practical,” or that the subject be 
“brought close to the lives of the pupils.” 

Sir Wm. Hamilton, with his usual penetrating insight remarks 
that the “word ‘theory’ is used in a very loose and improper 
sense by English writers.” In fact the word is often employed 
with great freedom by people who become embarrassed when 
tuey are asked to explain exactly what they mean by it. 

Perhaps the most frequent significance attached to the word 
is that of a hypothesis which, on its way to take rank as a fact, 
has achieved such a measure of probability that it is entitled to 
be promoted into a kind of special class of near-facts, so to 
speak. In order to test this meaning, let us glance at an example, 
adapted from Huxley. 

A man is sitting quietly by a window. Various sounds, sight- 
sensations and perhaps odors affect him and, because they do 


2Dewey, loc. cit., p. 124. 
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not concern him, he gives them only a languid attention. Sud- 
denly he becomes aware of an odor of wood-smoke. This being, 
potentially, a matter which does concern him, he is aroused to 
attend to it and thinking begins. This thinking takes the form 
of constructing hypotheses to account for the odor. His neigh- 
bor may be lighting a fire or some one may be burning brush 
in the street. These being of no special interest, it does not 
occur to him to verify them, but a third hypothesis which flits 
across his imagination is of such importance that it must be 
tested at once. He recalls that a few minutes ago he withdrew 
the ashes from his furnace into a wooden box. The ashes were 
hot, and he is disturbed by the possibility that the wood has been 
kindled by a glowing ember. 

At this stage he disappears down the stairs, with a speed which 
can be calculated from the laws of falling bodies, and his subse- 
quent proceedings interest us no more. If he finds the cellar in 
flames he can reflect, with pride, that his hypothesis has with- 
stood the test of experience. True, hypothesis, the tadpole, has 
here, in our presence, acquired legs, dropped his tail and become 
a fact, but at what stage was the thing a theory? Did it not re- 
main a hypothesis until, in a moment, it was transformed into 
a fact? 

There is, in the evolution of a tadpole, a stage in which, 
though he has acquired legs, he unwisely holds on to his tail, 
and functions, for a time, as a monster of most displeasing ap- 
pearance. This would be the biological analogue of a theory, 
but I am not aware that a hypothesis, in its transformation into 
a fact, passes through any stage of this kind. 

A second sense in which the word “theory” is used is to desig- 
nate those portions of a science which cannot be directly em- 
ployed in earning a living. In that case, cutting out the theory 
would mean the elimination of the entire curriculum with the 
possible exception of certain commercial branches. Other mean- 
ings there are in plenty, but we cannot delay to deal with them 
Let us rather drop the word altogether, since it seems to have 
become a mere instrument of intellectual confusion. Hypothesis 
we know—it means a guess. And fact we know—it means a 
hypothesis which has proved to be correct. But theory means 
nothing. It is merely a term which people apply freely to any 
difficult subject which they do not understand and of which they 
cannot grasp the importance. 
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III. 

Looking at the matter from the more positive point of view 
of the recommendation to make the work more practical, we find, 
fortunately, that this desire has received concrete expression in 
several tests, which are worthy of careful study. They begin 
with a hundred pages of formal chemistry given in a purely 
didactic way. This portion is a kind of highly condensed and 
abstract grammar of chemical science and is apparently offered 
in the hope that the student will be able to apply the principles 
in the work that follows. The remaining pages are devoted 
to such subjects as lime, cement, pottery, inks, electric furnaces, 
pigments, etc. In fact, the books are, to all intents and purposes, 
elementary chemical technologies. 

Here, then, is a definite constructive plan, for rendering our 
work more practical, fully worked out. We have merely to 
cut down the chemistry to an introductory course, and spend 
the time upon technology. But, as a matter of fact, is a mass of 
more or less accurate information about technology likely to 
prove of greater value to the student than a knowledge of the 
scientific aspect of the subject? Will he ever need to make his 
own ink or his own pottery? In the scientific type of text, the 
student, under calcium carbonate, learns something of the effect 
of heat upon it and of the interesting dependence of the process 
upon the concentration of the carbon dioxide in contact with 
the solid. Here we have, instead, a two-page description of the 
manufacture of lime in a rotary kiln. Is not the hypothetical, 
practical character of this kind of knowledge a pure illusion? Of 
course, the fact that lime is not really made in rotary kilns is 
an unfortunate accident, but even if it were, in what way could 
the student make any actual use of his knowledge of the process? 

This leads to the remark that the technology, in the texts which 
feature that subject, is apt to be inaccurate. It is most difficult 
for a textbook writer to be sure of his technology. The tech- 
nological journals do not speak with the authority of the journals 
devoted to pure science. They contain numerous articles which 
are written for advertising purposes and which must be read 
with great caution. The real methods by which results are 
obtained are often carefully kept secret. To quote from a re- 
view: “The technology of the average elementary text is a 
species of museum, in which processes discarded elsewhere are 
preserved forever, like insects in amber.” 

But even if the author of a book of this type should succeed 
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in making the technology accurate, it would not long remain so, 
for technology changes with astonishing speed. | have known 
chemical manufacturers to object to the permanency of concrete 
buildings because their solidity introduced difficulties when it 
became necessary to “scrap” the plant to keep pace with progress. 
We should firmly grasp the fact that in changing from chemistry 
to technology, we are deserting knowledge of proved permanent 
worth to deal in information whose chief characteristic is the 
evanescence of its value. The technology we teach now will 
merely mislead our students ten years hence, unless they have 
been able to keep up with the progress of the subject. 

There is another important point which is commonly lost 
sight of by those who insist that we should confine our teaching 
to the applications. Technology is simply applied science. 
“There can be no applied science without science to apply.” To 
teach nothing but the applications would sterilize chemistry and 
destroy the possibility of progress. The applications themselves 
would at once stagnate. The disinterested research of today 
is tomorrow the basis of an industrial process and is directing the 
production of the luxury or the necessity of thousands. Pure 
science is the most intensely practical of all human activities. 
Those who sneer at it are ignorant of history. In about a cen- 
tury it has transformed the conditions of human existence and 
its work is hardly begun. It is the only occupation worthy of 
a man who desires to benefit the world as much as possible by 
his residence in it. Science is by far the greatest of all the 
forces working toward the material and mental uplift of the 
people. A child who gives up four years to a higher education 
has a right to as much of it as we can give in the time—all too 
short—at our disposal. And I may digress for a moment to 
remark that it seems to me little short of robbery to waste his 
course with chickenfeed of the fruit-spot, ink-spot, grease-spot, 
garbage-can type—a proceeding which leaves him, at the end, 
ignorant of chemistry, but the fortunate possessor of a few bits 
of household information, which he could obtain from any in- 
telligent woman in five minutes. 

If, then, technology is really no more useful to the student 
than chemistry, if the technology of those elementary texts which 
specialize in it is often quite hopelessly inaccurate, and if, even 
when accurate, it does not “keep,” I hold that it would be a bad 
blunder to eliminate our chemistry and to substitute for it a 
scrappy mass of information about technical processses. Such 
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a course would be perfectly incoherent. It would have no be- 
ginning, no logical development and no end, and would lead 
nowhere. 

Yet technology has an important place in the course, but its 
place is subordinate. The wise teacher will vitalize his work 
by constant brief references to the applications. He will keep 
the tremendous industrial importance of chemistry continually 
before his students, but he will do this without discarding the 
main object. The proposition to omit chemistry from the high 
school curriculum and to substitute elementary technology for 
it is merely another instance of that muddle-headed worship of 
the word “practical” which is the bane of Anglo-Saxon thinking. 


IV. 

Glancing now at the third slogan—“Bring the subject closer 
to the lives of the pupils,” we must admit that this rather vague 
expression has a content of fact that is well worth noting. The 
essence of good teaching is to proceed from the familiar to the 
unfamiliar, from the concrete to the abstract. Chemical facts are 
all about us. The beginner has an abundant supply of them 
stored up from his daily experience, though he does not recognize 
their chemical character, until his attention is directed to the 
point. It is a matter of first-rate importance to utilize this in- 
formation which he already possesses as a foundation for the 
structure we are trying to build. This leads to a copious use, 
especially at the outset, of: materials drawn from the daily life 
of the students. Each subject should be started, if possible, with 
something familiar and concrete to the beginner. 

I admit freely the difficulty of this. As Alexander Smith says 
—‘‘We cannot possibly confine ourselves to common materials 
in attempting to teach the science. We simply cannot summon 
it forth from a mass of information about cooking, agriculture, 
rusting and photography by any legerdemain.” It is also true 
that the strength of the appeal depends upon the character of 
the experience of the student. Prof. Whitsit remarks that 
most of his beginners live in small flats where everything is 
operated by push buttons and where there is an utter lack of 
chemical data. Physics is more fortunate than chemistry, so far 
as this question is concerned. Allowing full weight to these 
difficulties, the fact remains that the available experience of the 
beginner is a most important element in the work and that the 
teacher’s success will be nearly proportional to his ability to ap- 
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peal to it—to make his teaching homely, rather than didactic 
and academic. And, when there is nothing to appeal to, we 
have to create new experience with the mineral collection, 
the lecture experiments and, best of all, in the laboratory. 

Take the subject of the atomic weights, for instance. They 
are the very foundation of our science. It is the chief peculiarity 
of chemistry that it achieves simplicity by operating with differ- 
ent weights of the elements, instead of basing its reasoning upon 
unit weight, as do the other sciences. There is no subject more 
important than the atomic weights and none more difficult if we 
do nothing but talk about them. But there are at least four 
atomic weights which can be determined by the beginner in 
about 60 minutes with the simplest apparatus and with an ac- 
curacy of at least one unit. After the student has done this 
work, his difficulty in handling the atomic weights disappears. 
They have become concrete to him and he uses them in his 
calculations with perfect appreciation of their significance. 


V. 


It is surprising to find that the fundamental axiom of good 
teaching—‘“from the familiar to the unfamiliar, from the con- 
crete to the abstract’”—is violated at all points by the order of 
topics which is still largely in use in presenting chemistry to 
the beginner. The current order seems, indeed, to lay stress on 
starting with the unfamiliar, since it begins with such wholly 
abstract subjects as matter, energy, molecules and atoms, and 
since unfamiliar substances are hurled at the student by the dozen 
at the very outset. It will be obvious that the plan of giving 
abstract general concepts to the beginner at the start, when they 
are entirely unintelligible, with the hope of using them later, 
is foredoomed to failure. Such concepts should be introduced 
naturally in the course of the work, as the need for them arises, 
and when the student has the experience which renders them 
intelligible. And the use of substances strange to the student as 
examples of such processes as solution and crystallization should 
be avoided. These things can be much better explained by in- 
stancing sugar and salt than by bewildering the beginner by 
reference to copper sulphate, potassium chlorate and carbon 
disulplide. We are prone to forget that the chemical names 
which are so simple and full of meaning to the teacher are, at 
the outset, mere bizarre jargon to the beginner. The student 
must, of course, be made acquainted with these substances, and 
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with many others, but they should not be introduced until the 
proper stage has been reached for their full discussion. To 
attempt to explain a new concept, like solution, by referring 
to the behavior of a totally unfamiliar substance, whose very 
name the beginner cannot pronounce, is to destroy all chance of 
comprehension. The more homely the instance, the better. The 
student who has watched the behavior of the sugar in a glass of 
lemonade has started on the path which leads to the peak whence 
he can view the territory opened up by Raoult, Arrhenius and 
van't Hoff in all its spaciousness. 

Another bad defect in the usual order of topics is that the 
earlier part of the work is concerned almost entirely with color- 
less invisible gases. The only gases the beginner knows are air 
and illuminating gas, both of which are complex mixtures. Much 
later in his work, he is profoundly surprised and interested when 
told that anything so unsubstantial as air tan be converted into 
a liquid. Of a gas as a special form of a single pure substance 
he has no conception whatever. 

At this time the beginner is grappling with ideas which are 
new and difficult to him and which are indispensable to his mas- 
tery of the subject. The foundation offered to him for the strug- 
gle is almost ideally bad. The experimental evidence consists 
chiefly in changes in the level of liquids in certain graduated 
glass tubes which the teacher, very wisely, will not allow him 
to touch. The experiments are impossible in the laboratory and 
in the class-room the student cannot read the graduations, and 
has to take the results on faith. R 

Take the electrolysis of water. The experiment is dramatic 
and it always interests the students, but interest, though a neces- 
sary condition of success, is not sufficient to it. Question the 
class a week later. How many have clearly perceived the funda- 
mental fact that every bubble of gas means that an equivalent 
amount of water has disappeared? This point is in no way 
brought out in the experiment. Many students imagine on the 
contrary, that additional water is formed, because of the rise of 
the level of the liquid in the funnel-tube. How can one explain 
to them at this stage, or even later, the function of the sulphuric 
acid? How shaH we prove to them that the gases really come 
from the water, the acid remaining unchanged? And if they 
are willing to take all this on faith, the only addition to their 
intellectual equipment is the proposition that when an indefinite 
and unperceived mass of water disappears, two parts of hydrogen 
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and one part of oxygen make their appearance. From this, 
they will at once draw two conclusions: 

Ist. That water contains twice as much hydrogen as oxygen, 
whether by volume or by weight is all one, as far as they are 
concerned, for they do not distinguish clearly at this stage. 

2nd. Therefore, the formula of water is H,O. Thus they lay 
the foundation for a comprehensive misunderstanding of the 
meaning of chemical formule, from which it is very difficult 
to free them later. Ohmann is absolutely right in his contention 
that this important experiment should be deferred and taken up 
much later, in connection with sulphuric acid, ionization and 
electrolysis. 

As a contrast to this, consider the heating, by the student him- 
self, of a gram or so of fine copper wire with sulphur in a closed 
porcelain crucible. The copper and sulphur have unmistakably 
vanished. The new gray-black product is visible, tangible and 
weighable, and the increase in weight happens, fortunately, to 
be almost exactly one-fourth of the weight of the copper taken. 
We have, in other words, a rock foundation for the beginner’s 
feet, as compared with a quicksand. 

A rational order of topics would start with familiar solids, 
like copper, lead, tin and sulphur. It would. settle the all-im- 
portant question of combination by weight, before attempting 
to elucidate the behavior of gaseous molecules, and it would settle 
this question by experiments which the student could carry out 
for himself. 

It will be seen that the question whether the work should be 
quantitative or qualitative is one which carries with it its own 
answer. The laboratory work is not to be regarded as a thing 
apart. The course has often been compared to a pattern woven 
of many threads, and most of these threads can originate only 
in the laboratory, the great object of which is to furnish the 
sense-experience with which alone the weaving can be accom- 
plished. To make the work all quantitative leads to narrowness 
and to serious loss of time. On the other hand, to omit all 
quantitative experimentation deprives the student of all basis for 
his reasoning and introduces almost insuperable difficulties in 
the way of teaching the subject. As a tentative suggestion, it 
may be remarked that a laboratory course in which one-third of 
the experiments are quantitative lends itself readily to definite 
interrelation with the class-room work and develops good 
manipulative habits in the students, 
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The dominant motive in a rational arrangement of the work 
is the effort to develop each topic out of some concrete familiar 
instance, so that the matter will be significant to the student 
from the start. Success depends mainly upon constant attention 
to this principle. The difficulties in the way have been briefly 
referred to. Daily life often leaves us in the lurch, but when 
this happens, a mineral or a well-executed laboratory experiment 
is an excellent starting point.’ 

Almost no weight can be attached to systematic chemical 
classification in the arrangement of elementary work. To group 
gold and silver with sodium, manganese with chlorine and 
chromium with sulphur, hoping that the beginner may reap some 
benefit later, is a waste of time. Even to the chemist such 
groupings are not wholly satisfactory, and to the beginner they 
are altogether artificial and unreasonable. The only families 
which should receive detailed consideration are those in which 
the analogies are quite unmistakable, especially the halogens and 
the alkali metals. The most important task in the reorganization 
of high school chemistry is to rid the work of the procrustean 
influence of chemical classification, which, after all, is unintel- 
ligible without a considerable knowledge of the rare elements. At 
the end of his course the beginner will not know the names of 
elements, a rather detailed knowledge of which is essential to 
the understanding of the classification according to which his 
work has been arranged. We have come from the universities 
and taught our students as we were taught and the plan does not 
work well, for the standpoint of the students and the objects of 
the work are different. 

VI. 

In a recent examination for candidates for teacherships in high 
schools, the question was asked whether the simple formula H,O 
applies to ice, to liquid water, or to steam, with a request for a 
statement of the reasons for the answer. The effect of this 
innocent query upon the candidates—university and_ technical 
school graduates mainly—was appalling and the examiner might 
well have been charged with making the questions too difficult. 
Yet it is plain that anyone who is unable to reply intelligently to 
this question is in a condition of almost complete ignorance with 
regard to the meaning of the formula and the foundations upon 
which it rests. 

This is a striking instance of a remarkable peculiarity of 
chemical instruction, not only in high schools, but in higher in- 
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stitutions. I refer to the stress laid upon subject matter and 
the neglect of method. Everywhere the object of the work seems 
to be to give the student a highly condensed account of the re- 
sults of the science, without much reference to the method by 
which its results have been obtained. Whether this is wise or 
not, is a question which deserves much more careful consideration 
than it has hitherto received. I should be the last to deny the 
usefulness of chemical information. Yet it is difficult to avoid 
the conclusion that, to most people, some conception of scientific 
method is far more important. The possession of a large amount 
of information does not alone make a man educated. Education 
consists rather in the attitude of mind which enables a man to 
differentiate information from misinformation, and to understand 
what evidence he ought to require, before giving his assent to a 
proposition which may at any time assume first-rate importance 
as a guide to conduct. This attitude is almost as far removed 
from mere blank Pyrrhonism as it is from unreasoning credulity. 
Its chief constituents are a willingness to examine the evidence 
for any statement, a rooted objection to accepting any statement 
without evidence and, finally, the ability to estimate correctly 
the value of the evidence. It is almost identical with what is 
commonly called “good judgment’ which is a very different thing 
from technical knowledge. The man who has judgment but who 
lacks the specific knowledge necessary to solve a problem which 
confronts him can usually make up his deficiency either from 
books or from other men whose business it is to possess the 
knowledge which he needs, but the man of wide knowledge, who 
lacks judgment, will, in spite of his learning and often because 
of it, flounder into one disastrous error after another his whole 
life long. All of us have known men who, with little technical 
knowledge, have yet achieved success. The study of such a man 
will invariably show that, along with aggressive energy, he pos- 
sesses in unusual degree, the power to appraise quantitatively 
the considerations for and against a given course of action. His 
acquaintances usually recognize the presence of this ability by 
consulting him about their own problems. And the term “fore- 
sight,” by which they often designate his special faculty, serves 
notice upon us that we are dealing with that familiar effort to 
predict the future from the past which constitutes the pretense 
of the charlaton, the main business of science, and the chief 
element of success in common life. 

The study of chemistry purely as subject-matter is not the best 
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method of acquiring knowledge, and it does absolutely nothing 
to cultivate the judgment. It may perhaps be objected that such 
qualities as energy and judgment are innate, but this is merely 
begging the question. Those who have observed the great de- 
velopment of both energy and foresight which often occurs in 
a man who is suddenly subjected to new and increased re- 
sponsibilities will hardly be disposed to assent to the hypothesis 
of their innateness. How do we know what qualities are innate 
and what can be cultivated? Perhaps no mental attribute is 
altogether innate. I admit that the power in question—to 
marshal the available data in an orderly way, to state the problem 
with precision, and to construct hypotheses which are usually 
verified by the sequence of events—seems like part of the very 
fibre of a man’s personality, but this is merely because he is using 
it so continuously that it becomes part of our conception of 
him. On the other hand, his ability, say, to analyze our iron 
ore with exactness is only occasionally brought into play and 
impresses us, therefore, as something extrinsic and acquired. 

It is interesting, also, to speculate upon the biological aspect 
of the question. Biologists seem, with reason, to be agreed 
upon the proposition that acquired characters are not inherited. 
Assuming that we may invert this thesis, the exceptionally foolish 
and useless sons, who often appear in the families of men of 
commanding ability in financial and industrial directions, lend no 
support whatever to the assumption that qualities like energy and 
foresight are innate. And that it is worth while to consider these 
qualities in our scheme of science teaching is indicated by the 
fact that the men at the helm in all great enterprises—while they 


. may, and often do possess astounding technical knowledge—are 


hired chiefly for their foresight and for their ability to get 
things done. 

I trust that no one will imagine that I am trying to depreciate 
scientific knowledge. In an industrial civilization, continually 
growing more complex, the importance of special knowledge is 
sure to increase, and this is particularly true of chemistry and 
physics. But it seems to me that to give some attention to 
scientific method, along with the subject matter, would give our 
courses coherence and vitality and would greatly increase their 
interest and value. 
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A MATHEMATICS CONTEST—ITS RELATION TO THE GEN- 
ERAL PROBLEM OF INDIVIDUAL DIFFERENCES. 


By RALEIGH SCHORLING, 
University High School, Chicago. 

It is a remarkable fact that teachers of academic subjects have 
never made use of the interscholastic competitive element which 
is admitted to be a powerful stimulus to effort in athletic con- 
tests. An athletic contest develops enthusiasm and ability to 
the highest degree on the part of the contestants. The question 
arises whether such contests are equally effective in a purely 
academic subject, e. g., mathematics. 

The writer attempted to answer this question by devising a 
contest between teams chosen from first-year mathematics class- 
es of two Chicago schools. The teams represented Hyde Park 
High School and the University High School. Faculty repre- 
sentatives of the mathematics departments of the two schools 
formulated the following rules to govern the contest. 

I. General Agreements: A team is to consist of the six best 
students chosen from first-year classes. The department of 
each school chooses the captain of its team. Minimum courses 
shall be submitted to Professor Herbert E. Cobb of Lewis In- 
stitute who shall formulate a series of questions for a prelimi- 
nary written contest of one and a half hours. Questions shall 
be filed in a sealed envelope with the principal of University 
High School on the day of the contest. The principal shall sub- 
mit the questions one hour before the contest to a joint meeting 
of faculty representatives of the two schools. The representa- 
tive of either school may eliminate all questions which are not 
definitely included in the course of the school represented. The 
teams shall meet at 3:30 p. m., May 28, 1915, at the University 
High School for the preliminary contest. Papers shall be 
graded by three prominent mathematics teachers. Judges shall 
not mark the papers but use score cards showing individual 
scores, and team totals. The team having the greater average 
total shall be awarded one point of the general contest. The 
result shall not be announced until the close of the oral contest. 

II. The oral contest shall be open to the general public. Two 
points will be awarded. The first point is to be awarded on 
theory. Questions for oral contest are to be submitted by Pro- 
fessor H. E. Slaught, in accordance with the technique of Sec- 
tion I. At the time of the contest each question shall be writ- 
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ten on the blackboard and a definite period of time given for 
silent study. When a student is satisfied that he is able to pre- 
sent a solution of the problem he is to indicate this fact by 
standing. When the official timekeeper indicates the expiration 
of time each captain shall choose from the opponents standing, 
one student who is to be permitted to take his paper and place 
solution on the board. The teams shall alternate in presenting 
solutions. Judges shall grade the theory of solution presented 
on a basis of ten. The team whose representative makes a total 
failure shall be given a penalty of —2. The chairman of judges 
shall have the privilege of calling for a second independent so- 
lution of the same problem. He shall designate a short period 
of silent study and the procedure shall be the same as in the 
first case. This solution shall be graded on a basis of twelve. 
The team whose total on mathematical theory in this oral contest 
is the greater shall be awarded one point of the general contest. 

Ill. (a) The official timekeepers shall keep a record of the 
total number of each team volunteering a solution for the vari- 
ous questions. Fifty special points shall be awarded in the ratio 
of the total numbers of volunteers of the two teams, e. g., if 
thirty-seven volunteers for University High and thirty-five for 
Hyde Park, then University High shall be given 25.7 points and 
Hyde Park 24.3 points. (b) The judges shall grade the writ- 
ten and oral expression of each team on a basis of 50. 

The team gaining the larger number of points in sections a 
and b shall be awarded a point in the general contest. 

IV. The team winning two or more of the possible three 
general points shall be declared the winner. 


THE CONTEST. 

The try-outs for the teams absorbed for weeks the interest 
and efforts of every “A” student in the two schools. At Hyde 
Park the teachers held review contests between the various 
freshman sections. At University High School practice teachers 
divided the classes into teams and devoted a fractional part of 
each period for review contests. Team scores and individual 
scores were posted from day to day. Interest in mathematics 
ran high in both schools. 

The oral contest was held at University High School on June 
4th. The audience filled the school’s largest room. Only one 
baseball game on the school’s schedule rivaled the contest in num- 
bers and enthusiasm. This large audience attended in spite of 
the fact that conditions were very unfavorable on the particular 
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day in question. Other school activities competed for the audi 
ence. In particular an elaborate garden party, supper, and dance 
followed the contest. This social affair seriously tempted a 
large number to remain away. In spite of this the audience 
“stuck” even after seemingly decisive results had been an- 
nounced. It was certainly a rare and unusual educational scene 
of “rooting” sections with pencils and pads eagerly following 
the progress of the teams. The teams were not excited by the 
audience. There was very little evidence of nervousness after 
the first few minutes. The University High team averaged twelve 
years and three months, perhaps as young a first-year mathe- 
matics team as could be gathered anywhere. This team stood 
up well in the contest which was close at all times. Hyde Park 
showed remarkable staying powers, holding itself down to steady, 
consistent work even after disheartening announcements. The 
Hyde Park team finally won the contest, two to one. The judges 
graded independently throughout and submitted score cards show- 
ing details that agreed substantially throughout in spite of the 
fact that the contest was exceedingly cfose—in fact the scores 
were actually reversed near the close of the contest. The de- 
cision was as decisive as in a 100-yard dash. 

The mathematics faculties agree that the experiment was of 
great educational significance. Agreements have been reached 
whereby the two schools will have an annual mathematics “meet” 
in the future, extending throughout the four years of high 
school mathematics. A valuable cup has been donated and will 
be the object for competition, for several years. Some of the 
technique has been revised slightly and interest will be accel- 
erated. 

The experiment is a definite suggestion for other departments. 
It seems to be entirely possible to have contests in Latin, his- 
tory, mathematics or even general inter-class contests with as 
much enthusiasm and profit as an athletic contest. An enthusi- 
astic teacher of arithmetic would certainly find it profitable if 
he were to take a team to some neighboring grade building and 
let them “scrimmage” against the team of one of his mathemat- 
ics friends. The old-time “spelling bees” certainly were a pow- 
erful stimulus and there seems to be no reason why the same 
idea cannot carry over to other academic studies. 

No doubt there are objections to the scheme, especially if it 
is not carefully directed. But in this it is like an athletic con- 
test. Its value will depend, as every school activity does, on the 
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degree and quality of faculty direction. A hearty spirit of co- 
operation on the part of the two faculties will insure success 
to the larger issues involved. 

REAL SIGNIFICANCE OF CONTEST. 

The writer does not wish to exaggerate its significance. It 
is simply a unique device which may upon experimentation prove 
to be of assistance in the solution of the problem of individual 
differences inasmuch as it will be a powerful stimulus to the 
enthusiasm and effort of the “A” student in mathematics. There 
is considerable evidence that teachers of mathematics are putting 
forth serious effort to solve the problem of individual differ- 
ences. Recent programs are characterized by discussions of 
supervised study, standard tests, and devices for teaching pupils 
how to study. But these topics are directed to help the slow 
worker. It is in accord with our American ideals that our first 
efforts should be directed towards helping the slow worker. But 
the fast worker is entitled to consideration. It is necessary that 
a definite technique be developed to direct in the most efficient 
way the enthusiasm and energy of the fast worker in mathe- 
matics. Mathematics exhibits built up by students (see the ar- 
ticle by Reeve in School and Society, August 7, 1915), mathe- 
matics clubs, and proper library direction of supplementary read- 
ing are designed with the same purpose. The mathematics con- 
test may constitute a part of this larger technique that needs 
to be developed. For a more complete discussion of the rela- 
tion of the contest to the general problem of individual differ- 
ences, the reader is referred to a series of articles by the author 
beginning in the October number of the School Review. 


BULLETIN 1915, NO. 35. 

The United States Bureau of Education has just issued Bulletin 1915, 
No. 35, on Mathematics in the Lower and Middle Commercial and Indus- 
trial Schools of Various Countries Represented in the International Com- 
mission on the Teaching of Mathematics. 

This bulletin has been prepared by Dr. E. H. Taylor, with the editorial 
co-operation of the members of the Commission in the United States. 
It is a bulletin of ninety-six pages, and will be furnished to teachers of 
mathematics upon application to the United States Bureau of Education 
at Washington. 
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THE PROOFS OF THE LAW OF TANGENTS. 
By R. M. Matuews, 
Riverside, California. 


In the triangle ABC let a, 8, y be the angles at the respective 
vertices and a, b, c the sides opposite. The title “law of tangents” 
is used to denote the trigonometric formula 

a-—b tan} (a—#) 


tan} (a+8) ’ 

and each of those formed by cyclic permutation of the letters. 
The proofs of this theorem in American textbooks stand in 

decided contrast to those of the law of sines and law of cosines. 

The proofs of these are based directly on the triangle and are 

such as to suggest the one needed extension in definition; when 


a is an obtuse angle. 
sina = sin(180°—a), cos a = —cos(180°—a). 


These two definitions, be it observed, require no notion of co- 
ordinates or of quadrants. On the other hand, in ten of a group 
of twelve American texts, the only proof of the law of tangents 
is by algebraic manipulation from the law of sines and involv- 
ing the factor formulas for the sum‘and difference of two sines. 
The proofs of these two formulas, being based on the addition 
formulas, are invariably preceded by the definition of the func- 
tions for the general angle, reduction to the first quadrant, and 
proof of the regular list of trigonometric identities. Thus the 
attainment of a formula that applies to triangles only seems to 
depend on much formal development of general and analytic 
trigonometry. 

The law of tangents can be proved directly from a figure, 
however. Such proofs are contained in the other two of the 
dozen American books examined and in every one of four foreign 
texts that were at hand. Altogether there seemed to be eight 
different proofs but when reduced to uniform notation and draw- 
ings, it was discovered that there are three essentially different 
types according to the auxiliary lines. We may start at C as 
center and draw a circle with (1) a as radius, or (2) b as radius. 
Or we may start by bisecting y or its exterior angle. In the 
first two cases the object is to make (a+b) and (a—b) and 
find $(a+ 8) and 4(a—8). The procedures are parallel. In the 


other case we make (a+), as complement of dy, and find the 
other quantities. In each of the following proofs we take a>b. 


1. With a radius a, a semicircle is described about C as center 
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cutting b extended at D and E (Figure 1). Draw BE, BD, and 
then DF parallel to BE cutting BA at F. Now the essential 
facts are 
a—b = AD ZBDA = (a+ 8) 
a+b=—AE ZDBF = $ (a—B) 
Z ABE = 90°—4(a—B) 
Z AEB = Sy = 90 
ZEBD= rt. Z Z BDF. 

These relations of the angles 
can be established in a variety of 
ways, as inspection of the figure will 
show. This constitutes one of the 
sources of variation in the proofs. We note that if BA cuts the 
circle again at G, the central angle GCD is a useful auxiliary. 

To use these relations there are two different procedures. 
First, in rt.A\’s DFB and BDE 
tan (2—8) DF /BE DF 
tan} («+8) DB/DB BE’ 

DF 
BE a+b 
because of similar triangles. 

On the other hand, apply the law of sines to the triangles ABD 
and ABE: 


a—b__ sin} (a—8), a+b __ sin[90—}(a—8)] 


and 


§ sin Sy 
.a—b (e—8) cos (248) 
a+b sin} cos $ 
whence the theorem. 
2. With a radius b a semicircle is described about C as center 


cutting a at D and its extension at E. (Figure 2). Draw AE, 
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AD and then DF parallel to AE. Here the essential facts are: 
a—b=BD ZLDAC=4(2+8) /BAE— 90°44 
a+b= BE ZBAD=3 (2-8) / BEA 4y—90°—4(a48) 
ZDAE=rt. Z = ZADF. 

As before, there are several ways to establish these facts, 
whence come differences in proofs. If AB cuts the semicircle 
at G, the central angle GCB is a useful auxiliary. 

The final steps in the proof may proceed either by using right 
triangles ADF and ADE to write tan $(a—8) and tan 4(4+8), 
or by applying the law of sines to the triangles ABD and ABE. 

3. (1). To the bisector of y drop perpendiculars AD and 
BE (Figure 3). Draw AH parallel to the bisector and cutting 
BE at H. Let 6= ZABH. Then 

= 90° 
= 
(a—8). 
HB BE+AD_ (a+b) sin Jy 


a a—b 
*, tan} (a—s) ———_.- cot Jy =——- tan } (a+ 8). 


Fig. 3. FIG. 4. 


This proof is essentially the same as given in Hall and Frink, 
Trigonometry, p. 54, and Wilczynski, Plane Trigonometry, p. 
105, Ex. 2. 

(2). The following proof, suggested by the foregoing, I have 
not found in print. 

Bisect the exterior angle of y by FCD on which the perpen- 
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diculars AF and BD are dropped (Figure 4). Draw AG 
parallel to DF cutting BD at G. Now 

Z DCA = $(4+8), ZGAB = a—}(a+8) }(a—48). 
BG BD—AF (a—d) sin}(a+8), 


tan $(¢—8) = GA DC+CF (a+b) cos $(¢+8) 


(3). Draw the circumscribed circle to the triangle (Figure 5) 
and let the bisector of y cut the circle at D. Draw DA, DB, and 
DF and DL perpendicular to CB and AB, respectively. On CB 
take CE—=CA. Then DE = DA = DB, and 


FB =4(a—b) ZFDB=}(a—%) 
FC =4(a+b) Z CDF = 90—}y = 3(4+8). 
tan $(a—8) _ FB CF FB _a—b 
tané(¢+8) DF / DF CF a+b 
This figure is of importance in that it is all ready to give the 
proofs of the formulas 


£3. 
c sin dy c sin dy 
a+b = 4R cos cos 
a—b 4R sin sin 4y, 
where R is the radius of the circumscribed circle. 
4 By using one of these direct proofs and the well-known direct 
proof for the formulas for the tangents of the half angles, the 
. . logarithmic solution of oblique triangles may be treated before 
passing on to the generalizations of analytic trigonometry. 
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THE HATCHET PLANIMETER. 
$y E. Coss, 
Lewis Institute, Chicago. 

A hatchet planimeter for finding the area of an irregular fig- 
ure is so easily constructed and readily used that it might well 
be brought to the attention of geometry pupils. Only a file and 
a hammer are needed in making this instrument. Take a piece 
of wire about an eighth of an inch in diameter and file one end 
to a point. Flatten out the other end and file it to a knife-edge, 
making the edge curved. At about an inch and a half from 
each end, bend the wire at right angles so that the knife-edge 
and the pointed end will lie on the same straight line. A piece 
of sheet lead may be rolled around the wire just above the knife- 
edge and hammered on so that it will not slip. This weight 
makes the planimeter easier to handle. Make the distance from 
the point to the center of the knife-edge, 10 cm., 4 in., or any con- 
venient length. 

To find the area: Draw a straight line through the center of 
gravity of the figure. To determine the center of gravity, cut 
the figure out of cardboard and balance twice on the edge of 
a knife blade. Place the point on the center of gravity and the 
knife-edge on the straight line. Move the point along the line 
to the boundary and around the boundary back to the center 
of gravity, and measure the distance of the knife-edge from the 
straight line. The product of this distance by the distance from 
the pointed end to the center of the knife-edge is the area. The 
accuracy of the result is tested easily on squared paper by find- 
ing the area of squares of various sizes. 


A SIMPLE AND EFFECTIVE METHOD OF SOLVING A 
POLYNOMIAL. 


By C. H. Forsyrtu, 


University of Michigan, Ann Arbor. 


The purpose of this paper is to demonstrate a simple and 
effective method of determining the values of the real roots of 
any polynomial. 

Anyone familiar at all with the general problem under dis- 
cussion is acquainted with the various helps in locating the real 
roots of any polynomial. Furthermore, supposing a root lies 
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between r and r+-1, it is well known that if the given equation 
(say, in +) and the successive quotients are divided by +—+, the 
corresponding remainders will form the coefficients of a new 
equation whose roots will differ from those of the original equa- 
tion only in that they are diminished by r. Hence, in the new 
equation the root under investigation lies between 0 and 1. So 
let us assume that our root is not only located but located between 
0 and 1. 

At this point, several methods are available, such as Horner’s, 
Newton’s, or direct substitution of trial values through the use 
of a table of powers of integers, together with a final interpo- 
lation; but we believe the following simple method will be 
found particularly practical in that it makes no use of an ex- 
tensive knowledge of the theory of equations or of the calculus 
and is at the same time just as effective. 

Suppose the polynomial involves the single variable x, then 
(1) neglect powers of x above the first and solve the correspond- 
ing linear equation for x; (2) neglect powers of + above the 
second, and substitute the value just found for one of the +’s 
in +? and again solve the equation of the first degree in x; (3) 
neglect powers of x» above the third and substitute value just 
found for two of the «’s in «* and one of the 2’s in «*, and 
again solve an equation of the first degree in +; and so on. Each 
time we take one more power of x and solve an equation of the 
first degree. 

Oftentimes it saves time and labor to leave out some of the 
steps mentioned above. Thus, after estimating the first decimal 
place of the root by solving the first linear equation, this value 
may be substituted at once in all the terms of the equation leav- 
ing, however, one x in each term within which it occurs. In any 
case, even after all the terms of the equation are in use, it will 
most always prove worth while to continue substituting the 
values just found until the value found is the same as the value 
substituted. Once the first decimal place is thus reproduced the 
solution of the corresponding linear equation should be extend- 
ed to give the second and possibly the second and third decimal 
places. The process of substitution should then be continued 
again until the value substituted is reproduced in the solution. 

It is suggested also that if the successive values found by the 
plan just suggested, for the first decimal place, prove to vacil- 
late widely (as usually occurs), an average of two of such 
values wisely chosen will be found very close to the value to 
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be determined and a substitution of this average value will 
shorten the work. 

As an example, let us determine the value of the root between 
0 and 1 in 

The first approximations are 1, .27, .54, .33 and .48 and we 
might continue on thus, but an average of the last two or .41 
will reproduce itself; and so we immediately solve for the next 
decimal place and obtain .417. The next approximation is .412 
and an average of these two values or .414 will reproduce it- 
self; and so on to as many decimal places as are needed. 


GRAPHICAL METHOD FOR CUBIC EQUATIONS. 
By ALrrep RITTER, 
New York City. 


In the May issue of this magazine, there appeared a descrip- 
tion of a graphical method for solving quadratic equations. A 
similar scheme may be worked out for cubic equations. 

The general cubic equation may be reduced to the form 

or = — < ‘ 

If y be substituted for cither member of this equation, 

y = x*+ar+b (equation of a parabola). 
y= — < (equation of a hyperbola). 

We have y= yy’, therefore the intersections of the parabola 
with the hyperbola give the roots of our equation. 

To solve the problem practically, draw a series of hyperbolas 
which have the equation ry = —c, c representing the parameter 
(see Figure 1). 

On transparent paper draw a parabola having the equation 
x* == y. If this parabola is placed upon the series of hyperbolas in 
such a way that its symmetric axis lies parallel to the y-axis, 


a 
and intersects the x-axis at — also in such a manner 


that the parabola itself intersects the y-axis at y+), then 
the parabola has the equation, 
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Instead of letting the parabola intersect the y-axis at y=), 


may be given to the vertex of the para- 


: a 
the ordinate y eae 


bola. 
The intersecting points of the parabola with the hyperbola 
(with the given value of c) give the desired roots. 
Example: 
Solve 1°—2. 8#°—1. 64+3 = 0. 


We have =+ 14; b=—1.6; c+3. 
| 
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In Figure 1 we find the three roots r—+0.9; r=—+3; r=— 
—1.1. 

If the value of ¢ is negative rotate the series of hyperbolas 90°, 
instead of drawing them again in the remaining quadrants. The 
method shows at a glance whether the equation has 3,1, or no 
real roots. 

If one of the values of a, b, or c is so large that it is no longer 
on the diagram, we need only to consider the figures on the axis as 
multiplied by 10, and the values of ¢ by 100 (or, if necessary, 
by 100 and 10,000, respectively). The parabola changes ac- 
cordingly, as shown by the dotted curve in Figure 1. 
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HISTORICAL NOTES IN TEXTBOOKS ON SECONDARY 
MATHEMATICS. 


By Proressor G. A. MILLER, 
University of Illinois, Urbana, Il. 


It is well known that some of the historical notes in the text- 
books on secondary mathematics are inexact. Recently there 
has appeared a fourth edition of an important book entitled, 
First-Year Mathematics for Secondary Schools, by Ernst R. 
Breslich, University High School, The University of Chicago. 
This book contains a considerable number of interesting historical 
notes, which will doubtless be read with care, not only by the 
students who may be using this book but also by those who are 
interested in preparing textbooks of a similar grade. Hence it 
may be important to direct attention to a few instances where 
these notes are stated in such a manner that they are likely to 
give rise to incorrect impressions. 

In the biographical sketch of Descartes, which precedes the 
title page of the book under consideration, there appears the 
statement that he “gave the rule for finding the number of posi- 
tive and the number of negative roots of an equation, and this is 
still called Descartes’ Rule.” As is well known Descartes’ Rule 
does not always enable us to find the actual number of the real 
roots of an equation. Such a simple equation as 

= 0 
cannot have more than two positive roots according to Descartes’ 
Rule, but, as a matter of fact, it has no positive root. It was 
Charles Sturm, whe gave, in 1829, the first general rule to de- 
termine the exact number of the real roots between two real 
numbers, of a numerical algebraic equation in one unknown with 
real coefficients.’ 

In the given biographical sketch there zppears also the state- 
ment that he “introduced the system of indices now used in 
mathematics.”” The term index is used with various meanings in 
the mathematical literature. For instance, we frequently speak 
of the indices which appear as subscripts, such as 

In 1649 F. van Schooten made an approach towards such a system 
of notation in his Latin edition of Descartes, by using such 
symbols as »C, In Newton's Principia similar symbols ap- 
pear frequently in the modern form C2, C3, etc. This common 
system of indices is certainly not due to Descartes.* 


1Cf. Bocher, Bulletin of the American Mathematical Society, Vol. 18 (1912), p. 1. 
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It is probable that the system of indices to which the given 
quotation relates is our present system of notation for exponents. 
In this connection it may be said that Descartes never used the 
general notation a", where n is any natural number, although 
he used, in the modern form, such symbols as a’, a*, a*, .., “ete.. 
to infinity” for given positive integral powers of a. The use 
of a general exponent, representing any real or complex number, 
came after the days of Descartes. While we do not want to imply 
that brief historical notes can always be so stated as to exhibit 
the actual state of affairs exactly, yet it seems that the statement 
that Descartes “introduced the system of indices now used in 
mathematics” could be improved by replacing the word “indices” 
by the word exponents. 

Various other statements in this brief biographical sketch of 
Descartes would convey more accurate information if there had 
been room to add the desirable explanations. In particular, the 
starement that he “realized the true meaning of negative num- 
bers and used them freely” would appear in a new light if it 
could have been added that Descartes:never employed the terms 
positive and negative as regards numbers; for negative number 
he still used the term false number (nombre faux), and when 
he spoke of false numbers he gave only their absolute values 
and viewed them as increasing with their absolute values.‘ Like 
Stifel and Girard had done earlier, he considered negative num- 
bers as less than nothing. 

The little biographical sketch of Tartaglia, which appears near 
the middle of the book under consideration, is headed Niccolo 
Fontana. It should be noted that we do not know that the real 
name of Tartaglia was Fontana. This question was considered 
by G. Enestrém in the Bibliotheca Mathematica, Volume 4 
(1903), page 87. By an oversight the large French mathematical 
encyclopedia contains the statement that the real name of Tar- 
taglia was Fontana, but this statement is corrected on page 9 of 
the Tribune Publique, issued in connection with this encyclopedia. 

In the biographical sketch of Tartaglia, it is said that he is 
best known today on account of “his discovery of the solution 
of the cubic equation, about 1530.” In Pascal's Repertorium der 
hiheren Mathematik, Volume 1 (1910), page 282, there appears 
the following statement: “The first solution of the cubic equa- 


2Ct. Wieleitner, Geschichte der Mathematik, 1911, p. 4. : : 
%Exponents were represented by Roman number symbols at 2a little earlier 
by J. Hume. 
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tion is due to Scipione del Ferro.” In Volume 7 of the Biblio- 
theca Mathematica, page 38, G. Enestrom considers the question 
whether Tartaglia really discovered his solution of the cubic 
equation or obtained it from the earlier work of Ferro. Although 
it seems impossible to answer this question at present, yet there 
seems to be no good reason to regard Tartaglia as the one who 
first discovered an algebraic solution of the cubic equation. 


These few observations as regards the historical notes in ques- 
tion are intended to convey additional information on the mat- 
ters considered, rather than to correct inaccuracies. While it is 
a very difficult matter to write brief historical notes which do 
not either overrate or underrate the value of the particular work 
in question, yet such notes should be encouraged since they often 
provide an easy means to make a first approximation towards 
the true situation. Moreover, they tend to direct attention to 
the fact that mathematics grew to its present size through the 
efforts of men who possessed various degrees of light, and that 
the intellectual weakness as well as the intellectual strength of 
these men is often reflected in the mathematical literature. 


The present writer regrets that the historical notes in the text- 
books on secondary mathematics so seldom include any relating 
to present mathematical activities. The latter notes would tend 
to direct still more attention to the fact that mathematics is a 
living subject, which has grown in the past and is growing still 
more rapidly at the present time. The dynamic element of mathe- 
matics would thus appear in a stronger light and would tend to 
enthuse where the static elements often fail to make an impres- 
sion. 

A great advantage of notes relating to modern mathematical 
activity is that the accuracy of such notes can usually be much 
more easily established than that of notes relating to ancient and 
medieval mathematics. In the opening article of Volume 14, 
1914, of the Bibliotheca Mathematica, G. Enestrém considers the 
difficulties in the way of introducing extensive historical notes 
into the schoolbooks on mathematics. He refers to the fact that 
several years ago, when new regulations were adopted in Sweden 
in regard to the secondary schools, it was at first proposed to 
recommend especially that historical information be combined 
with mathematical instruction. This plan was abandoned because 
it was thought that the Swedish teachers of secondary mathe- 


4Encyclopédie des Sciences Mathématiques, Tome 1, Vol. 1, p. 35. 
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matics would probably not secure sufficiently accurate informa- 
tion along historical lines, and that it would be better not to refer 
to historical matters than to impart inaccuracies. 

In the textbook under consideration, there appear thirteen 
biographical sketches. None of the subjects of these sketches 
lived as late as the end of the first quarter of the nineteenth 
century. Our study of the history of mathematics often seems 
to exhibit a veneration of the past akin to that ascribed to the 
ancient Chinese. Even elementary mathematics has been greatly 
advanced in recent times, and it is easy to secure accurate in- 
formation as regards some of these advances. Moreover, refer- 
ences to modern mathematical activities tend to give a more cor- 
rect outlook on the modern intellectual life. 


STORIES. 
Asked of a class beginning physics: “What is meant by the weight 
of a body?” 
Answer: “Weight is that property of a body by virtue of which it has 
heft.” 


Given by a girl in the junior class as an illustration of the fact that 
heat expands and cold contracts: “On a cold night in winter the stove 
covers sometimes contract so much as to fall inside the stove through 
the openings beneath.” 


Stated in all seriousness by a state official in a public address on 
“The Teaching of Elementary Science” : 

“The cold air passing through the furnace is heated, becomes lighter, 
rises, and leaves a space behind it into which the outside air rushes through 
the cold-air box.” 


All are familiar with the little girl who defined the equator as “a 
menagerie lion,” but here is Dorothy, who has views about the equator 
also. 

Teacher—“Dorothy, what is the equator?” 

Dorothy—“An imaginary line, ma’am, around the earth midway be- 
tween the poles.” 

Teacher—“Could you hang clothes on that line?” 

Dorothy—“Yes, ma’am.” 

Teacher—“What sort of clothes?” 

Dorothy—“Imaginary clothes, ma’am.” 


Teacher—“Under what conditions will a body float?” 
Pupil—“When it has been in the water three days.” 


Teacher—“What follows if the three sides of a triangle are equal to 
each other?” 
Pupil—“The other side will be equal, also.” 
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REPORT OF CHEMISTRY SURVEY. 


By S. R. Powers, 
Garfield High School, Terre Haute, Ind. 


This report is the result of a questionnaire survey. The ques- 
tionnaire asked for the conditions under which the high school 
chemistry teacher works, his training for his position, his method 
of teaching the subject, and his opinion of the values derived 
from the chemistry course. One thousand thirty-seven blanks 
were sent out and one hundred fifty-four replies were received. 
Seven hundred sixty were sent to states belonging to the terri- 
tory covered by the Central Association of Science and Mathe- 
matics Teachers. The remaining three hundred were sent to all 
parts of the United States except New England. 

The numbering in this report corresponds with the numbering 
in the questionnaire blank, which is here given: 


A. Time ALLOTMENT OF SUBJECT. 
1. State number of periods given to laboratory work per week,....... 


2. State number of periods given to class recitation per week,......... 
Length 
3. What is your weekly arrangement of your work?................. 
4. Are you ‘satisfied with this arrangement? 
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9. Do you have a well equipped 
10. Kind of location in building (floor, exposure, etc.) :............... 
13. Do you have hoods?..... Do you 1 have water and gas at table?..... 


17. What i is your approximate annual allow ance for supplies? Pele tas da 


20. Does the student pay materia! How much?...... 
21. How many volumes of books in your school chemistry library?..... 
Number of texts other than the adopted text?...... Number of 
books on special subjects?...... Name any periodicals you get for 


22. Name the library books you make most use of :.............0eee00e 


i 5. Are you allowed time in the school day for care of apparatus and 
preparation of materials?......... How 
. EgurpMenrt. 

a 15. Approximately what number of students take chemistry?.......... 
That is an wroximate ech, enrol ment? 

| 


CHEMISTRY SURVEY 


23. List any additional equipment that you particularly desire:........ 
24. Estimate the cost per term of conducting a course in chemistry for 


C. TRAINING OF TEACHER. 
25. State length of your training in each kind of school, name of school, 
and degrees taken: 
Name of School. No.of Months. Degree. 


26. What is your major subject?........ What other science courses 

27. What proportion of your study has been devoted to subject matter 

28. To what teachers’ organization do you belong?............. eanre 

Do you usually attend their meetings?...............00eeeeeeeeeee 

29. How many years have you taught chemistry?..............00eeeee 

D. SERVICE. 

31. How many classes in chemistry do you have?.............scseeeees 

How many students are there in each 

32. What school activities do you have charge of?................4.- 

What is the average number of hours devoted to this per week?.... 

33. Do you have a paid student assistant?......... Do you have any 

34. About how many hours per week do you devote to library study in 

preparation for your work?..,...... How many hours to prepara- 

tion of material for the laboratory?......... How many hours to 

35. Do you make an effort in the laboratory to train your students in 

neatness and cleanliness?......... What means do you use?...... 

36. Do you take field and industrial trips with your students?......... 

Approximately how many per year?............ceeeeceeeeceeeeees 


E. Metnop 1n TEACHING. 
37. Do you make your first approach to a topic in the laboratory, or by 


textbook work and class rectlation?........ccccccccsecccsccesceces 
38. To which do you give greater emphasis, textbook work or ieee 
39. What text do you 
. Do you draw material from more than one manual?..............- 
40. Do you write your own laboratory directions?...........-cseeeeee 
41. About how many pages of text do you cov er during the first half 
During second half year?............ 
42. Summarize your plan for’the student’s record of experiments: 
a, W hen are ped recorded? 
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43. 


44, 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 
55. 
56. 


57. 


58. 
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c. Do you have a printed outline to aid your student in writing 


d. What is your method of correcting notebooks?................. 
Do your students take time outside of the laboratory period to write 


In many laboratory manuals each exercise is set off as a unit within 
itself, Is this a good plan or would you think it advisable that some 
effort be made to show the connecting link between two given exer- 
cises and thus insure a more definite continuity? 

About how much laboratory time do you give to individual instruc- 


About what per cent of the class recitation time is devoted to dis- 
cussion or quiz on laboratory work?............ 
Do you make any other provisions for discussion of the laboratory 
Do you find the lecture demonstration a success?..............00- 
Do you “give lectures” on chemistry to classes?......... Is this 
Do you direct the use of library books on chemistry?............. 


In the study of any element, say chlorine, by what exercise or by 
what means do you introduce the student to a first-hand knowledge 


Is this your usual in 
Do all students work on the same experiment at the same time? 
If so, how do you keep them together?.................. 
How many exercises can you successfully direct at one time?...... 
Do you find differences in student ability due to sex?......... If 
Have you any definite evidence of this?......... baeseseveepasavas 
Do you encourage students to study problems involving chemistry 
that is of special interest to them?..... If so, to what extent?..... 
Do you place much emphasis on drawing of laboratory apparatus 
used in a given exercise?......... 


F. CoNTENT OF COURSE. 


59. 


60. 


61. 


63. 


About what per cent of the total number of your laboratory exer- 


Give per cent of second half year devoted to study of organic sub- 
eral principles......... 

Is organic chemistry considered too much or too little in the aver- 
‘ 
Are the metals given too much attention?...............seeeeeeees 


= 
Be? up any discussion or explanation of work done in laboratory?...... 
Approximately how much per 
“e @ Do you find correcting notebooks burdensome?........ About how 
much time does it require per 
Do you use loose leaf or bound 
= 
= 
= 
= 
= 
= 
= 
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62. 
ene Is the metallurgy of the common metals given too much attention? 
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65. Should the periodic law be considered in first year chemistry?...... 

66. Do you make special effort to teach the application of chemistry? 
vd iiaese Do you make any effort?......... Do you teach theory 
67. Should courses be provided to teach only the application of chem- 
istry to domestic science and agriculture? 
68. What use do you make of the exercises published in ScHoot SciENCE 
AND MatHematics under Live 


G. Varues Dertvep From CHEMISTRY. 
69. In your opinion is chemistry of greater value to your community 


Note: By practical value we mean a value which is of economic im- 
portance to the community: by cultural value we mean a value which 
is of importance to the individual in making him more appreciative 
of life, its pleasures, and its disappointments. 

Have you any evidence or experience that will substantiate your 

70. What are the important attributes which laboratory work in chem- 
istry should contribute to the students’ education? Arrange in order 

71. Do you attempt to cultivate the attitude which we call “power of 

analysis” or “scientific attitude of mind”?...........0...eeseccees 

Do you emphasize this as an ideal applicable to all life’s problems 

or as an attitude to be made use of in connection with problems in 

Is this scientific attitude of mind of greater or less importance than 


74, nas aes basis do you make out your term grade in chemistry? 
Is the same basis uniformly used in other departments in your 


H. GENERAL, 


75. What science courses are required for graduation in your school? 


76. In what order are they usually taken?..........-..ccceceecceeeees 
Would you recommend another order?........ 

Do you think any chemistry should be included in first year general 

77. About what average per cent of your students make grade A?...... 


Do you base these figures on actual average or on estimates?...... 

1. Twelve have two laboratory periods per week, four have either two 
or three, eight have three, ninety-eight have four (two double periods), 
six have five, and five allow a different number, first and second term. 

2. Ten have two recitation periods per week, one hundred fourteen have 
three, thirteen have four, six have five, three have periods less than forty 
minutes, forty-seven have forty, seventy-four have forty-five, five have 
fifty, and four have 60-minute periods. 

3. Seventy have class and laboratory on alternate days, fifty-nine use 
consecutive days, and eight have no regular order. At least twenty-two 
have daily double periods. 
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4. One hundred and three are satisfied, thirty are not. 

5. Ninety-three are allowed some school time for care of apparatus 
and materials, fifty-eight are not. 

6. Forty-seven teach chemistry third year, fifty-five fourth year, and 
forty-nine in either third or fourth year. 

7. Chemistry is required in twelve schools, optional with other science 
course or courses in fifty-three, purely elective in forty-eight, and required 
in some courses only, in thirty-eight. 

9. One hundred and four have well equipped laboratories, thirty-one 
have fair equipment and ten poor. 

10. Twenty-five schools have chemistry in basement, twenty-two on 
first floor, ninety-two on upper floors, and one in attic. 

11. One hundred and seventeen have good light, eighteen fair, and 
seventeen have poor. 

12. Eighty-seven have good ventilation, thirty-seven have fair, and 
twenty-eight have poor. 

13. One hundred and twenty-two have hoods of some sort, thirty-two 
have none. One hundred and thirty-three have water and gas at tables, 
eight have neither, one has gas only, and three have water only. 

14. One hundred and thirty-three schools provide individual lockers. 

15 and 16. In seven schools, twenty-five per cent of enrollment take 
chemistry ; seven, twenty to twenty-four percent; twenty, fifteen to nine- 
teen per cent; seventeen, twelve to fourteen per cent; thirty, nine to eleven 
per cent; fifty-one, five to eight per cent; ten, three to four per cent; 
one, one and one-half per cent. 

17. The figures show that in one school the cost per year per student, 
based upon number of students taking chemistry, and annual allowance 
for supplies is $20; in one, $15; in one, $12; in three, $10; in five, $6-$9; 
in six, less than $0.90. Omitting these figures, the average cost per pupil 
is $2.90. 

19. One hundred and sixteen require students to pay for breakage, 
thirty-one do not. 

20. Twenty-one, either by laboratory fee, or otherwise, require some 
payment for material used. 

21. Forty-three have fair libraries, eighty-three have small libraries, 


eighteen have none. 

22. Reference books used in order of their popularity are Thorp’s Jn- 
dustrial, A. Smith’s General, Kahlenberg’s Chemistries, Newth’s Inorganic, 
Duncan’s Chemistry of Commerce, Leach’s Food Inspection and Analysis, 
Bailey’s Sanitary and Applied Chemistry, Lassar-Cohn’s Chemistry in 
Daily Life, Remsen, Roscoe and Schorlemmer, Rogers and Aubert, Wiley’s 
Pure Foods, Newell, Snell, Duncan’s Chemical Problems, Bird’s Wonders 
of Science in Modern Life, McPhearson and Henderson, Brownlee, Lewis 
B. Allyn’s Elementary Applied Chemistry, Olsen’s Pure Foods. A num- 
ber of other books were listed by only one teacher. 


25. Ten teachers who replied are not college graduates, twenty-one are 


graduates of small colleges, twenty-two are graduates of universities, 
sixty-three have done graduate work, thirty-three have taken graduate 
degrees, and three have Ph. D. degree. 

26. Ninety have chemistry for major, twenty-four have physics, twenty 
have some other science, eight have mathematics, and seven have some 
other subject. 
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27. Ninety-five have devoted some time to study of methods of teaching. 

28. One hundred and twenty-eight belong to teachers’ organizations and 
one hundred eighteen usually attend. 

29. Ninety-five have taught more than five years and fifty-six less than 
five years. 

30. Thirty-one of the teachers who made replies have published some- 
thing. 

31. Forty-three have all of their time devoted to teaching chemistry. 
Forty-six have classes over twenty-four; ninety-six, less than twenty-four. 

32. Ninety-one teachers have charge of some other school activities. 

33. Nine have a paid student assistant, thirty-four have student assist- 
ant who is not paid, and 107 have no assistant. 

34. Four devote no time to library study in preparation for their day’s 
work; thirteen devote one hour per week; twenty-one, two hours; twenty, 
three hours; thirteen, four hours; twenty-seven, five hours; twenty-two, 
over five hours; two devote no time to preparation of materials; fifteen, 
one hour per week; twenty-eight, two hours; twenty-six, three hours; 
twenty, four hours; thirty-one, five hours or more. Five devote no time 
to cleaning up laboratory; twenty-four use one hour; thirty-nine, two 
hours; fourteen, three hours; four, four hours; eleven, five or more hours 
per week. 

35. One hundred and forty-eight make effort to train in neatness, one 
does not. Four assess a fine of some sort and twenty deduct from grade 
for carelessness. 

36. Nine take no trips; twenty-five take one trip; twenty-four, two 
trips; twenty-one, three trips; twelve, four trips; nine, five trips, and 
twenty take more than five. 

37. Forty-nine make first approach to a new topic in laboratory, sixty- 
one by recitation, and thirty-nine vary. Twenty-one think some knowledge 
of material must precede laboratory work. Twelve think laboratory first 
encourages spirit of investigation. Nine think laboratory first is natural 
order. Three think class work incites curiosity for laboratory work. 
Sixteen think laboratory first makes text mean more. Four think text 
first is more convenient for teachers and works little loss to the pupil. 
Three say it depends on text. Nineteen say laboratory work is based on 
recitation. Nineteen use different method for different subjects. Four 
think with short periods new work cannot be begun in laboratory. 

38. Thirty-four emphasize text more, fifty-seven laboratory more, and 
fifty-four about equal. 

39. Brownlee’s text is used in fifty-six schools; McPhearson and Hen- 
derson in thirty-six; Snell, three; Morgan and Lyman, eleven; Remsen, 
two; Newell, thirteen; Kahlenberg and Hart, three; several different texts, 
two; Jrwin-Tatlock, one; Blanchard and Wade, one; A. Smith, eight; 
Hessler and Smith, twelve; Peters, one; Bradbury, two. Manuals: Mor- 
gan and Lyman, ten; Brownlee, forty-four; McPhearson and Henderson, 
twenty-four; Newell, eleven; Tatlock, one; Minneapolis Sheets, four; 
Williams and Whitmen, one; Hessler and Smith, eight; Snell, one; A. 
Smith, four; L. B. Allyn, one; Williams, one; A. E. White, one; Peters, 
two; Bradbury, two; L. E. Knott, one; Heilman, two; Wade, one; Blanch- 
ard, one. One hundred and two use more than one manual, twenty-eight 
do not. 

40. Twenty-eight write their own directions, fifty-seven write part of 
them, and eighteen do not. Two use oral directions almost entirely. 

Fifteen write own directions in order to apply work to local conditions. 
Twelve say no manual gives desired material entirely. Five say no man- 
ual suits individual ideas. Eighteen do not have time enough to write 
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laboratory directions. Eleven adapt work to material and apparatus of 
laboratory by writing own directions. Three write to make work more 
specific. Thirty-eight think available manuals are sufficient. Six modify 
manual to suit needs. Six write directions in special cases. 

Note: Replies to thirty-nine and forty seem to indicate that many 
teachers, although having an adopted manual, draw material pretty largely 
from other manuals and write quite a number of their own directions. 

41. Seventeen teachers cover less than 150 pages of the text during the 
first semester ; thirty-three cover 150-175 pages; forty-four, 176-200 pages; 
twenty-nine, 200-225 pages; three, 225-250 pages, and three cover over 
250 pages. During the second semester, ten cover less than 176 pages; 
sixty-three, 176-200 pages; seventeen, 201-225 pages; twenty, 226-250 pages, 
and one over 251 pages. 

42. a, One hundred and thirty-seven teachers require part or all of 
laboratory record to be made in laboratory. b. Fifty-one have no set form 
for writing notes, ninety have some set form. c. Fifty-three use printed 
outline suggested by manual, twenty-nine have a printed outline prepared 
by self, ninety have no printed outline to aid students in writing notes. 
d. Five teachers read students’ notes only occasionally after first few 
weeks. Twenty-two correct notes in laboratory with students as they are 
being written. Fifty-four simply mark errors and return notes to students 
for correction. Five read notes, check errors, and return to students for 
class consultation. Three read notes daily, check errors, and re-read at 
end of term. 

43. Eighty-seven teachers require their students to take time outside of 
laboratory period for writing notes. 

Note: Comparison with 42 a would seem to indicate that fifty teachers 
require all note writing to be done at time experiment is being performed. 

In thirty-two schools the students use one hour per week outside of 
laboratory for writing notes; twenty use two hours; ten use three hours, 
and four use four hours. 

44. Fifty-four teachers report that reading note-books is not burden- 
some. Eighteen use one hour per week; thirty-five, two hours; seventeen, 
three hours; eleven, four hours; thirteen, five hours; eight, six hours; 
two, seven hours; one, eight hours; seven, ten hours; one over ten hours. 

45. One hundred and thirty-two teachers use loose leaf notebooks, 
fifteen use bound books, and two allow either. 

Fifty-eight report that the loose leaf system is more convenient. Eigh- 
teen prefer it because spoiled sheets may be thrown away and new ones 
added. Sixteen report that they require notes on experiments to come 
in separately. Six think bound books are neater, more permanent, and 
train the student to think carefully before writing. Five think loose leaf 
system may be used to prevent students from copying from each other. 

46. Forty-five prefer laboratory exercises to be definite units. Eighty- 
seven think some effort should be made in writing directions to show the 
connecting link between exercises. 

47. Fifty-four teachers devote practically all of laboratory time to 
individual instruction and conference with student; twenty-eight use one- 
half of laboratory time for this work; two, one-third; eight, one-fourth ; 
two, one-fifth; sixteen, little; three, two-thirds; three, three-fourths; two, 
none; eight, considerable; six, vary. 

48. Thirty-three report that little of recitation time is devoted to labora- 
tory quiz or discussion ; seven report none; twenty-nine, ten per cent; 
twenty-six, twenty per cent; nineteen, thirty per cent; twelve, twenty-five 
per cent; one, forty per cent; seven, fifty per cent; three, sixty-six per 
cent; three, fifteen per cent; one, varies; one, all if necessary. 
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49. Eighty-four report that they make yet other provision for discus- 
sion of laboratory work, and forty-nine that they do not. One hundred 
and twenty-one make some provision for assisting the weak student. 

50. Ninety-seven find the lecture demonstration a success, thirteen only 
in part, and thirty-five find it not a success. 

51. Fifty-one make some use of lecture method, ninety-six do not. 
Forty report that they use it successfully. 

Note: In all but two cases, the lecture method is used “occasionally,” 
“briefly followed by quiz,” etc. , 

52. One hundred and nine direct in some way the use of library books, 
twenty-three do not. Seventy-six simply give references for those inter- 
ested. Eighteen give out topics to be worked up for class presentation. 
Two make special effort to work practical material. One appends a list of 
references to each laboratory exercise. 

53. Seventeen begin the study of a new element by a study of its com- 
mon compounds, sixty-eight by having student prepare element in labora- 
tory, twenty-nine begin with demonstration and discussion, seventeen 
begin with a study of text. 

54. Eighty-eight require all their students to work on same exercise at 
same time, sixty do not. 

Twenty-five provide extra work for fast students in order to keep 
them together, thirty-seven require slow ones to do extra time, and ten 
use both methods. 

55. Thirty-nine are able to direct only one exercise at a time; twenty- 
one, two; twenty-two, three; four, four; thirty-one, five or more. 

56. Fifty-nine think there is a difference in chemical ability between the 
two sexes, eighty think there is not. Eighteen report that there is a 
difference in interest but not in ability. Twenty-eight report that girls 
are more painstaking but boys have better knack for laboratory work and 
show greater originality. Two think boys get mathematical part better. 
four think girls see deeper into the work than boys do. 

57. One hundred and thirty-two teachers encourage students to study 
problems appealing to their own special interest. Twenty-six encourage 
laboratory work on the subject of interest and also assist them in their 
reading. Twenty-two encourage especially a study of local problems. 
Twenty-four assist students only as they take initiative. Eight present 
list of subjects to class for students to choose from for special study and 
require later report before class on work investigated. Three set off a 
part of time in regular chemistry course for a study of practical problems 
of interest to students. 

58. Thirty-nine teachers emphasize drawing of laboratory apparatus, 
seventy-eight do not, and thirty-two place only small amount of emphasis 
upon it. Six think that drawing rivets attention to details. Fifty-nine 
think drawing is waste of time. Eleven think it encourages accuracy 
and neatness. Eleven think drawings are a matter of convenience to stu- 
dent in writing notes. Eighteen think drawing makes experiment mean 
more, 

59. In sixty cases less than five per cent of the laboratory work is 
quantitative; in forty-seven cases, five to ten per cent; ten, eleven to fif- 
teen per cent; ten, sixteen to twenty per cent; three, twenty-one to twen- 
ty-five per cent; two, twenty-six to thirty per cent; none, thirty-one to 
thirty-five per cent; one, thirty-six to forty per cent; two, forty-one to 
fifty per cent; four, all; five, none. 

60. Fifty devote less than ten per cent of second half year to organic 
chemistry; twenty-nine, eleven to twenty per cent; eighteen, twenty-one 
to thirty per cent; ten, thirty-one to forty percent; one, forty-one to 
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fifty per cent; ten, none. Four devote less than ten per cent to metals; 
twelve, eleven to twenty per cent; twenty-one, twenty-one to thirty per 
cent; thirty-three, thirty-one to forty per cent; twenty-five, forty-one to 
fifty per cent; twenty-eight, fifty-one to sixty per cent; four, seventy- 
five per cent; three, eighty-five per cent; one, all. Seven devote less 
than ten per cent to non-metals; fourteen, eleven to twenty per cent: 
twelve, twenty-one to thirty per cent; twenty-six, thirty-one to forty 
per cent; six, forty-one to fifty per cent; one, fifty-one to sixty per cent; 
three, none. Thirty-four devote less than ten per cent to general prin- 
ciples; thirty-seven, eleven to twenty per cent; seventeen, twenty-one 
to thirty per cent; ten, thirty-one to forty per cent; one, forty-one to 
fifty per cent; three, none. One devotes twenty-five per cent to qualita- 
tive analysis, one uses L. B. Allyn’s book. 

61. Eighty-six think that organic chemistry receives too little atten- 
tion in the average text of today; thirteen think too much, and twenty- 
nine think “about right.” 

62. Ejighty-two think the metals are given too much attention, fifty- 
seven think not, and five think “about right.” Fifty-three think metal- 
lurgy of common metals gets too much attention, and seventy-three think 
not, and five think “about right.” 

63. Twenty-seven think molecular theory is given too much attention, 
102 think not, and three think “about right.” 

64. Thirty think the atomic theory gets too much attention, 104 think 
not, and four think “about right.” 

65. Ninety-two think periodic law should be considered and forty-one 
think not. Three think it should be taught because of its interest. Sixty- 
one think it unifies and classifies work. Twenty-three think it is too 
dificult. Two think it important and understandable. Nine think it 
does not have sufficient importance. One thinks the analytical classifica- 
tion better for high school students. 

66. -One hundred and thirty teachers make special effort to teach the 
applications of chemistry. Eighteen do only a little with this line of work. 

Eighty-seven present the theory first, thirty-one the application first, 
and thirty-two use varied methods. 

67. Forty-six think courses should be provided to teach applications of 
chemistry to domestic science and agriculture, seventy think not. 

68. Forty-three make considerable use of “Live Chemistry,” fourteen 
make “little,” forty-four, none, and seven read them. 

69. Sixty think practical value of chemistry is first, sixty-four think 
cultural, and thirty-two think about equal. 

71. One hundred and twenty-eight try to cultivate “scientific attitude,” 
nine do not. One hundred and seventeen make it applicable to all 


problems, eight just to chemistry. 


72. One hundred and eight think this attitude is of greater importance 


than knowledge of subject matter, eleven think less, and twelve about 
equal. 

73. Forty-three pay considerable attention to college entrance require- 
ments; fourteen, just a little; and ninety-one, none. 

74. Thirty-three make grade on basis of general ability and attitude. 
Thirty-one count recitation, laboratory, and quiz (and examinations) 
at one-third each. Nineteen count recitation, laboratory, tests, and final 
about equal. Three count recitation, 40; written work, 40; laboratory, 


20. Nine count laboratory, 40; recitation, 49; and examinations, 20. 
There were also fifteen other methods used in making grades by one 


teacher each. 


@ 
| 
rg 
a4 
| 
j 
4 
| 
a 


TERRESTRIAL MAGNETISM 819 


Fourteen have approximately same marking systems as other depart- 
ments of the school, seventy-one have same, twenty-eight do not, and ten 
do not know system that is used by other departments. 

75. In twenty schools one year of prescribed science is required for 
graduation, eleven require one prescribed science and one elective. One 
requires one prescribed and two electives. 

In twenty schools two years of prescribed science are required for 
graduation. In one, two years of prescribed and one elective science 
are required. 

In seven schools three years of prescribed science are required, and 
in six schools four years of prescribed science are required for gradua- 
tion, 

In sixteen schools no science is required. In twenty-eight schools one 
year of elective science is required, seven require two elective sciences 
and two require three elective sciences. Thirty schools have different 
requirements in different cotirses. 

Thirteen teachers express their disapproval of a general science course. 

76.. In forty-nine schools physics precedes chemistry in the course of 
study and in forty-three schools chemistry precedes physics. 

77. Thirty-one teachers report that less than five per cent of their 
students fail; thirty-one report five to seven per cent; forty-five, eight 
to ten per cent; and thirty-three, over eleven per cent. Five report no 
failures. In several cases the per cent of failure ran well up to twenty- 
five per cent. 


TERRESTRIAL MAGNETISM. 

The United States Coast and Geodetic Survey, Department of Commerce, 
has issued as Serial No. 3, Special Publication No. 25, a quarto pamphlet 
of 69 pages entitled Results of Magnetic Observations made by the United 
States Coast and Geodetic Survey in 1914, by D. L. Hazard. 

This publication contains the results of magnetic observations made on 
land and at sea during the calendar year of 1914, together with descriptions 
of the stations occupied. Results are given for 385 stations in 289 locali- 
ties, including an investigation of areas of marked local disturbance in 
Iowa and Minnesota. There is presented in tabular form a comparison of 
the declination results at 76 repeat stations with the results of ear'ier ob- 
servations in the same localities. The results have been corrected to re- 
duce them to the provisional international standard of the Department of 
Terrestrial Magnetism of the Carnegie Institution of Washington. 

The stations described are located in 33 states and territories, includ- 
ing Arizona, Alabama, Alaska, Arkansas, California, Colorado, Delaware, 
Florida, Georgia, Idaho, Illinois, Towa, Louisiana, Maine, Massachusetts, 
Minnesota, Mississippi, Montana, Nebraska, New Hampshire, New Jersey, 
New Mexico, New York, North Dakota, Oklahoma, Oregon, Pennsy'vania, 
South Dakota, Tennessee, Texas, Vermont, Washington and Wisconsin. 

Besides the scientific value of these observations, this work is of prac- 
tical utility to engineers and surveyors, and particularly to those interested 
in retracing old property lines. In the early davs and even more recently 
these lines were run with the comnass almost exclusively and to return them 
a knowledge of the variation of the compass at the date of survey is es- 
sential. 

The volume will be supplied without charge to persons interested by ao- 
p'ication to the Division of Publications, Department of Commerce, 
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PROBLEM DEPARTMENT. 


By J. O. HAsster, 
Englewood High School, Chicago. 


Readers of this magazine are invited to propose problems and send 
solutions of problems in which they are interested. Problems and solu- 
tions will be credited to their authors. Address all communications to J. O. 
Hassler, 2301 W. r1oth Place, Chicago. 


Algebra. 
436. Proposed by Elmer Schuyler, Brooklyn, N. Y. 
Solve: 
Qxry 32-—47-+y. (1) 
3ys (2) 
624 = (3) 
I, Solution by Mabel G. Burdick, Stapleton, N. Y. 
32—44 
F 1 < =, 
rom (1) 2x*—1 
From (2) 341° 
Equating and solving, 
152421 
— 32 : 
Substituting (3), 
92°+6s—255 = 0, whence z = —17/3, 5. 
Then x and y are x by substitution. The roots are: + ——2, 3; 
y——8, 45 2 = —17/3, 5. 
II. Solution by R. M. Mathews, Riverside, California. 
Then 
x'y’ = 30, 
ys’ = 96, 
= 980. 
Whence y's’)? = 678710". 
and = +480. 


If one is positive, all are positive; if one is negative, all are negative. 
Hence, 


2’ = 16 or —16. 
Therefore (3, 4,5) and (—2, —8, —17%) are the finite solutions. 


Geometry. 


437. Proposed by H. C. McMillan, Kingman, Kansas. 

Given two points on the same side of a straight line. Construct the 
maximum angle having its vertex on the given line and its sides passing 
through the given points. 


I. Solution by Norman Anning, Clayburn, B. C. 

Construct the two circles through the given points which touch the 
given straight line. Join the points of contact to the given points. The 
greater of the two angles thus formed is the required maximum. Each 
of the angles is a maximum among those having their vertices on the 
same side of the join of the given points. For, if the circle through the 
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given points A and B touches the given line at C, angle ACB> angle 
ADB where D is any point on the given straight line other than C and 
on the same side of AB that C is. 


II. Solution by M. Helen Kelley, Wilmette, Ill. (a student in Engle- 
wood High School). 

Let CD be the given line and A and B the given points. Draw AB and 
extend it to meet CD at P. Construct the mean preportional, PO, be- 
tween AP and BP. Lay off PO on CD on the side of the acute angle. 
Construct the circle passing through the points O, A and B. The circle 
is tangent to CD. The angle AOB is measured by half the arc AB and 
any other angle with vertex on CD is measured by half the difference of 
two arcs, of which AB is the greater. Therefore, the angle AOB is the 
maximum angle. 


438. Proposed by Elmer Schuyler, Brooklyn, N. Y. 


Construct a circle that shall be tangent to a given straight line and 
coaxial with two circles that are nonintersecting and not tangent. 


I. Solution by Norman Anning, Clayburn, B. C. 

First construct the common center line of the two circles and their 
radical axis. To construct the radical axis of two given circles, draw 
any third circle cutting one in A and B, the other in C and D. Then AB 
and CD intersect on the radical axis. Similar construction with a fourth 
circle gives another point on the axis. Join the two points so found. 


I. Suppose the given line not parallel to the radical axis. Then the 
two lines will intersect in some point not at infinity. Call it K and draw 
KL tangent to either of the given circles. With center K and radius 
KL, describe a circle cutting the given line in points M and N. 

Draw MP 1 BN to meet the center line of the circles in P. 

Draw NQ 1 MN to meet the center line of the circles in Q. 

Then circles with centers P and Q and radii PM and QN respectively 
are coaxial with the given circles and touch the given line. 


II. Suppose the given line parallel to the radical axis. Let r be the 
radius of the required circle, let h be the distance from the radical axis 
to the given line, and let d be the distance from the radical axis to a 
limiting point of the coaxial system. Then, when h>d, 

Va+rtr=h 
f+r—h 
— 0. 
2h 


r= @, 


similarly, when h<d, 
—h. 
0: — 0. 

When h=d, r=, 0. 

After r has been constructed from the known quantities A and d, it 
must be measured on the center line from the given line in such a direc- 
tion that when the circle is drawn, it will contain one of the limiting 
points of the system. 


II. Solution by N. P. Pandya, Sojitra, Dt. Petlad; India, 


Let the radical axis of the given circles meet the given line in A and 
let their line of centers meet the given line in B. From A draw AC to 
touch one of the given circles at C. From AB cut off AD=AC. Draw 
DE perpendicular to AB to meet the line of centers in E, Then the 
circle with E as center and ED as radius will be the required one, be- 
cause the tangents from A, which is a point on the radical axis, to all 
the circles are equal, and because ED is perpendicular to AB. 
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Trigonometry. 


439. Proposed by Norman Anning, Clyburn, B. C. 

AV and BV are two straight lines which differ in direction by an 
angle bit brtou. The points A and B are joined by a “three-center com- 
pound,” i. e., a smooth curve consisting of three circular arcs and having 
VA and VB as tangents. If starting from A, the radii and central angles, 
are, respectively, R,, ¢:; Re, Rs, ¢3; show that VBsin (¢,+¢,+¢,) = 
R,+(R,—R,)cos ¢,+(R,—R,) cos 


I. Solution by A. E. Smothers, Pasadena, California. 


Starting with A call the centers of the arcs D, E, and F. 

Then AD=R,; DE=R,—R,; EF = R,—R,; and FB=R,. 

Draw BC Lto AV (produced if ). 

Then BC = VB: sin (¢,+¢.+4,). 

Draw FC’ 1 to VA (produced if necessary), and EGL to AD (pro- 
duced if R,>R,). 

Then /EDG=¢,; ZEFC’=¢,+¢.: and / BFC’ = 4, 

Call the projections of CB, AD, DE, EF, and BF on C’F, C’B’, CD’, 
D’E’, E’F’, and B’F, respectively. 

Then C’B’ = C’D’+D’E’+E’F—B’F. 

But CB’ = CB = VB: sin (¢,+-¢,+¢); CD’ = AD = R,; DE’ = 
DG = (R,—R,)-cos¢,; = (R,—R,)-cos (¢,+¢,); and B’F = 
R, cos 

Substituting: VB-sin(¢,+¢.+¢,) = R,+(R.—R,) cos ¢,+ 
(R,—R,) -cos (¢,4 ¢.)—R; ‘COS +@,). 

Q. E. D. 


II. Solution by the proposer. 

Let AC, CD, DB be the three arcs composing the compound curve and 
let O,, O., O, be the respective centers. 

We have AO, 1 VA and BO, 1 VB. 

Since the curve is “smooth” at C, the radii CO, and CO, must be parts 
of the same straight line. Similarly, DO, and DQ,. 
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Project the sides of the closed figure AO,CO,DO,BVA on the line AOQ,,. 
—R, cos ¢:+R, cos ¢,—R, cos (¢,+¢2)-+R; cos (¢, + ¢:) — Rs cos (¢, + 


$:¢:)—BV sin (¢, +¢:+ $3) +0 = 0. 
Therefore, BVsin (¢,+¢.+¢,) = R,+(R,—R,) cos ¢,+(R;—R,) cos 


cos (¢,+¢:+¢;). 
Q. E. D. 
Similarly, 
AV sin (¢:+¢:+¢3) => R,+(R,—R; ) cos (R, — R,) cos — 
R, cos (¢:+¢:+¢,). 


These expressions may be readily modified to fit the compound curve of 
two, four or any greater number of centers. 


440. Proposed by Nelson L. Roray, Metuchen, N. J. 
If b, c, B are given, and there are two triangles with these given parts, 


show that their inscribed circles touch if 
c*(cos B+2 cos B—3) +2be(1—cos B) +0? = 0. 


I. Solution by Elmer Schuyler, Brooklyn, N.Y. 
Let r., ”, be the radii of the circles, and s,, s, the half-perimeters of the 
two given ‘triangles. 
Since the condition imposed is that the distance between the centers of 
the circles equals r,+7,, we obtain readily, 
sind B (1) 
But r, = (s;—b) tan 4B and r, = (s,—0) tan 3 B. 
Substituting in (1) we obtain, 


sins B. = (2) 
V b— sin’? B 
3 
and sin 4B. | ( ) 
Squaring (3) and substituting forms, 
1—cos B_ —c’+c* cos’ B (4) 
cos B+c—b)* 


c*(cos*B+3 cos*B—cos +cosB) = 0. (5) 
Taking out factor 1+cos B =0, 
c*(cos? B+2 cos B—3) +2bc ( 1—cos B)+0*? = 0. (6) 


Q. E. D. 


II. Solution by Norman Anning, Clayburn, B. C. 

Suppose the in-circles touch, to find the relation between b, ¢ and B. 
Since both circles touch the arms of angle B, the contact cannot be in- 
ternal. Therefore the distance between the centers is equal to the sum 
of the radii. Use suffix 1 to denote parts of the smaller triangle and 
suffix 2, of the larger, and let O, and O, be the in-centers. 


= O,0.. 


r, = (s,—b) tan 


= (s,—b) tan 
2s,= b+c+c cos B—V sin’ B. 
2s, = b+-c+c cos B+ v b*—<? sin’ B. 


O,O, cos = (s,—b)—{s,—b), 


= $,—S, = sin’® B. 
rit+r, = (5,+5,—2b) tan’, 


= (b+c+c cos B—2h) tan 


= 
| 
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=(c+ccos B—h) tan 
But since r,+7r, = O,O, we have, 


(c+c cos B—D) sin 


wit 


= O,0, cos — sin’ B. 


~ 


cos B—b)*(2 sin? ) = 2(b*—<* sin’ B). 


[c?( 1+cos B)?—2bce (1+ cos B) = 2b’—2c*(1—cos’*B). 
[c?(1+cos B)*—2bc(1+cos B)] (1—cos cosB = 2b?—2c* 
(1—cos*B). 


(1+-cos B) [c?(1—cos*B)—2be(1—cos B)] = (1+cos B) 
cos B)]. 
Dividing through by ( 1+cos B) which is not zero, 
c*(cos*B+2 cos B—3)+2be(1—cos B) +b? = 0. 


CREDIT FOR SOLUTIONS. 


431. (April.) L. C. Mathewson. 

431, 432, 433, 434, 435. (May.) Nelson R. Roray. 

436. Norman Anning, Mabel G. Burdick, Alfred Davis, Ida May Davis, 
R. M. Mathews, Carrie Mikesell, G. O. Mudge, N. P. Pandya, 
on Raynor, Elmer Schuyler, Ruth Shockley, Nelson L. Roray. 
(12 

437. Norman Anning, T. M. Blakslee, Mabel G. Burdick, M. Helen Kel- 
ley, L. E. A. Ling, R. M. Mathews, N. P. Pandya, Elmer Schuyler. 
Nelson L. Roray. (9) 

438. — Anning, Mabel G. Burdick, N. P. Pandya, Elmer Schuyler. 

4) 

439. Norman Anning, Lewis Braverman, A. E. Smothers. (3) 

440. Norman Anning, Nelson L. Roray, George Raynor, Elmer Schuyler, 
one incorrect solution. (5) 

Total number of solutions, 39. 


PROBLEMS FOR SOLUTION. 
Algebra. 


451. Proposed by N. P. Pandya, Sojitra, Dt. Petlad, India. 

Find three numbers, or different sets of three numbers each, such that 
their sum is a perfect cube, and the sum of their squares is a perfect 
fourth power. 

452. Proposed by Harold B. Clapp, Willimantic, Connecticut. 
2m 


Solve 
ev v—m 


where e is the base of the Naperian logarithms and m is a constant. 


Geometry. 


453. Proposed by Katherine S. Arnold, Milwaukee, Wisconsin. 

If lines be drawn from a fixed point to all the points of the circum- 
ference of a given circle, the locus of all their points of bisection is a 
circle. Two cases—the point may be within or without the circle. 

454. Proposed by Yeh Chi Sun, Pekiug, China. 
Given the three altitudes of a triangle, construct the triangle. 


Trigonometry. 
455. Proposed by H. E. Trefethen, Waterville, Maine. 
Given tana+cosetand, and « = 23°27’. Find \ for maximum and 


minimum values of A—a. 
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SCIENCE QUESTIONS. 
By FRANKLIN T. JONES, 
University School, Cleveland, Ohio. 


Readers of Scuoot ScieENcCE AND MATHEMATICS are invited to propose 
questions for solution—scientific or pedagogical—and to answer questions 
proposed by others or by themselves, Kindly address all communications 
to Franklin T. Jones, University School, Cleveland, Ohio. 

Questions and Problems for Solution. 
198. Proposed by John C. Packard, Brookline, Mass. 

A fast skater collides with a slow one. Who gets the worse bump? 
(From Mann & Twiss.) 

199. Proposed by S. Ralph Powers, Terre Haute, Ind. 

The following equations have always been more or less troublesome 
to me from the standpoint of presentation and I would be glad to have 
an expression of opinion concerning them through SCHOOL SCIENCE AND 
MATHEMATICS : 

3Cu+8H NO, — 3Cu( NO,).+2NO+4H,0. 
Cu+2H,S0O, — CuSO,+SO,+2H,0. 
Kindly answer consecutively numbered questions in the following list: 
HarvaArp UNIVerRsiITy PHysics—NeEw PLAN. 
June, 1915—One Hour and a Half. 
(Omit four questions.) 

200. A 50-gallon tank containing air at atmospheric pressure (15 
pounds per square inch) is connected by a pipe to the city water mains, 
the pressure in which is 60 pounds per square inch. Assuming that the 
air remains at constant temperature, how many gallons of water will 
flow into the tank? 

2. A uniform beam 10 feet long and weighing 50 pounds rests on a 
support 4 feet from one end, and is to be kept horizontal by a vertical 
force at some one other point. 

(a) Where must this vertical force be applied in order that it may 
be as small as possible? Find its magnitude and direction (up or down). 

(b) Where must this vertical force be applied to make the pressure on 
the support as small as possible, and how great is the force and how great 
is the pressure on the support? 

3. (a) What is friction? Define coefficient of friction. 

(b) In what ways is friction useful and in what respects is friction a 
disadvantage to mankind? Illustrate by examples. 

(c) How can friction between rubbing surfaces be reduced? 

201. A moving stairway moves at the rate of 2 feet per second. The 
maximum number of people who can ride on the stairway at any one time 
is 120. The length of the stairway is 50 feet and its vertical rise is 30 fee 

(a) Neglecting friction and assuming that the average weight of one 
person is 150 pounds, what is the maximum power required to operate 
the stairway? 

(b) If the efficiency of the system is 60 per cent, what is the maximum 
power required? 

202. (a) A musical note of. 250 vibrations per second travels in air 
with a velocity of 340 meters per second when the temperature is about 
13°C. What is the length of the wave? 

(b) Calculate the number of vibrations in the fundamental note 
emitted at 13°C. by a closed organ pipe one meter long. 

203. <A certain fireless cooker consists of a main receptacle which con- 
tains a can for receiving the substance to be cooked and two soapstone 
disks or heat reservoirs. The main receptacle is covered on the outside 
with some heat-insulating substance to reduce the loss of heat from the 
interior. The aluminum lining of the main receptacle and the aluminum 
cooking can together weigh 1000 grams and are initially at 20°C. The 
soapstone disks weigh 3000 grams each and are heated to 300°C. before 
being placed in the cooker. The specific heats of aluminum and soapstone 
are respectively 0.22 and 0.21. 
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(a) A roast weighing 2000 grams and initially at 20°C., is placed in 
the cooker with the heated disks. The specific heat of the roast is 0.92. 
What is the temperature of the roast when the temperature of everything 
inside the cooker has become the same, assuming no appreciable loss of 
heat during the process of equalization of temperature? 

_(b) What would be the temperature of the roast if it had been pre- 
age | heated to 100°C.? Does preheating help appreciably ? 

7. Name several methods by which heat can be transformed into 
other forms of energy. Describe in detail one of these methods. 

8. The light from a candle falls on the page of a book two feet 
away. A large plane mirror, assumed to be a perfect reflector, is placed 
one foot from the candle on the opposite side from the book and with 
its plane perpendicular to the line passing through the book and the candle. 
Compare the illumination of the book with and without the mirror in place. 
How does this arrangement of candle and mirror differ from that of two 
candles and no mirror, the second candle replacing the image in the first 
arrangement ? 

9. (a) Explain the difference between the phenomena of reflection 
from white blotting paper and from a piece of window glass. 

(b) It is often possible to see two or more images of a light reflected 
in a piece of plate glass. Explain this fact. 

10. The resistance of a certain wire 10 feet long and 1/50 of an inch 
m diameter is 2 ohms. Calculate the resistance of the wire made by 
drawing down the above wire until its diameter is 1/100 of an inch. 

11. (a) Explain a method of determining the sign (positive or neg- 
ative) of an electrostatic charge. 

(b) Explain the apparently different phenomena shown by so-called 
static electricity and the electricity given by a battery or a dynamo. 

12. Two cells, each of electromotive force 2 volts and internal resist- 
ance 1 ohm, are to be used to light a small electric light of resistance 
1 ohm. Show two methods of connecting the cells and calculate for each 
case the power supplied to the lamp. Which is the better arrangement 
and why? 

Solutions and Answers. 
186. Proposed by W. L. Baughman, East St. Louis, Ill. 

Find the depth of a mine at the bottom of which a seconds pendulum 
loses 9 seconds a day. 

Solution by the proposer. 

The number of vibrations “lost” for a small decrease in the value of g 
is found as follows: 

Let » equal the number of vibrations for a value, a. 

Let n’ equal the number of vibrations “lost” for a value, g—k, © 
where k is the decrease in g. The number of vibrations is directly pro 
portional to the square root of the corresponding values of g and g—k. 
Then we have that 

n—n’ (1—k/g)t n’ k 
— == = — 
n 1 29 

Now for a point within the earth, gravity varies as the distance from 

the center of the earth. Hence, at a depth d, 
g—k R—d k d 
— = —and —=—. (2) 


g R 2q 2R 


(1) 


2Rn’ 


From equations (1) and (2), d= , where 
d = depth of the mine. 
R = radius of the earth; taken here as 3,963 miles. 


n= number of vibrations of a seconds pendulum in 24 hours. 
n’ =number of vibrations “lost” in the mine. 
2K 3,963 5,280 9 
d= = = 4,359.3 ft—Ans. 
60 24 
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SCIENCE QUESTIONS 


187. From “Book of Boats,” Gray Motor Co., Detroit, Mich. 

What power will be required to drive a boat 20 ft. long, 52 in. beam, 
at 11 miles an hour? 

From a letter to Gray Motor Co. from S. F. Mills, Ann Arbor, Mich. 

We have one of your 1909 Model, 6 h. p., double cylinder engines in- 
stalled in the “Grayling,” length 20 feet, beam 4 ft. 3 inches. The hull is 
strongly but not heavily built with the motor installed forward under a 
hood with magneto, clutch, foot throttle, etc. 

Over a measured course we have made 11 miles an hour. With the 
Krice Carburetor which we put on last year, we can go from 10 to 12 
miles on a gallon of gasoline. 

From a letter by H. H. Hellmuth, Mgr. Marine Sales, Gray Motor Co. 

There is no hard and fast rule in which the answer to the query can be 
worked out. Everything depends on the model of the boat, weight, con- 
struction, water in which it will operate, etc. 

A well designed boat 20 ft. long, of the runabout class, 52 in. beam, 
should make 11 miles per hour or better with a 6 h. p. Gray engine. 

188. From Scientific American Correspondence. 

Why in very cold weather are meat or vegetables more likely to freeze 
in a refrigerator or refrigerator car containing no ice than in one sup- 
plied with ice? 

A suggested answer. 

In the car supplied with ice not only the meat or vegetables must be 
cooled to a freezing temperature but also the ice and water associated 
with them. If water is present, it will liberate 536 heat units per gram 
on freezing. Also the ice formed has a specific heat of about .5 and so 
will cool more slowly because it will absorb considerable heat. Both 
effects keep the temperature from dropping as rapidly as though no ice 
were present. 

Solution by A. G. Montgomery, Concord State Normal, Athens, W. Va. 
189. Proposed by A. Haven Smith, Riverside, Cal. 

What is the numerical value of the heat of vaporization of water at 
temperatures other than 100°C? 

The heat of vaporization of water is less at high temperatures than 
at low as might be expected; thus to evaporate 1 gram of water at 100°C. 
takes 536.6 calories of heat, while 596.73 calories are required if the vapor- 
ization takes place at zero degrees centigrade. 

The latent heat / required to vaporize a gram of water at any temper- 
ature f may be determined from the following formula which expresses 
the results of Griffith’s experiments : 

| = 596.73—0.601f, 
where ¢ is the temperature of vaporization on the centigrade scale. 

Answer by Niel Beardsley, Bloomington, III. 

Kimball and also Carhart in their College Physics give the following 
formula attributed to Griffith: / = 596.73—.601f cal. in which ¢ is the 
Centigrade temperature. This formula is not good for temperatures 
much beyond 0° and 100°C. 

190. Proposed by Mary F. Morris, Newtown, H. S., Elmhurst, N. Y., 
taken from Wentworth’s Advanced Arithmetic, p. 374, Ex. 30. 

Find the difference in length at 80°F., of a glass rod and a steel rod, 
each 3 ft. long at 0°C., if the expansion at 100° C. is 0.00085 for glass and 
0.0012 for steel. 

Solution by Editorial Dept. of Ginn & Co. 

80°F. = 54(80°—32°)C. = 26°4°C. 

0.0012—0.00085 = 0.00035. 


Difference in length = 0.00035 36 in. = 0.00336 in.—Ans. 


Solution by Niel Beardsley. 
80°F = 26.66°C. 


—————. «26.66 X38 = .00027993 ft. which is the difference in length. 
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ARTICLES IN CURRENT PERIODICALS. 


American Forestry, for October; Washington, D. C.; $3.00 per year, 25 
cents a copy: “The American Chestnut Tree—Identification and Charac- 
teristics” (with six illustrations), Samuel B. Detwiler; “Commercial Uses 
of Chestnut” (with twelve illustrations), P. L. Buttrick; “Chestnut in the 
Future” (with one illustration); “Principles of Landscape Forestry— 
Art of Managing Pleasure Woods” (with ten illustrations), Wilhelm 
Miller; “The Bird Department” (with four illustrations), A. A. Allen; 
“Forestry at the Exposition”; “National Conservation and Water Powers” 
(with five illustrations), Herman H. Chapman; “Ornamental and Shade 
Trees—How to Plant a Shade Tree and How to Care for It the First Few 
Years” (with seven illustrations), J. J. Levison. 

Condor for September-October; Los Angeles, Hollywood Station, Calif.; 
$7.50 per year, 30 cents a copy: “Characteristic Birds of the Dakota 
Prairies. I. In the Open Grassland,” Florence M. Bailey; “A Walking 
Eagle from Rancho la Brea” (with one photo), Loye H. Miller; “Esti- 
mated Average Age of the Herring Gull,” John T. Nichols; “A Late 
Nesting Record for the California Woodpecker,” Harriet W. Myers; 
“Description of a New Race of Savannah Sparrow and Suggestions on 
Some California Birds,” Louis B. Bishop; “A Partial List of the Summer 
Resident Land Birds of Monterey County, California” (with map and 
five photos), J. R. Pemberton and H. W. Carriger. 

Journal of Geography for October; Madison, Wis.; $1.00 per year, 15 
cents a copy: “The Growth of Great Cities,” Frederick Homburg; “Over- 
looked Bohemia,” Eugene Van Cleef; “Harbors of South America,” Henry 
F. James; “Glaciers and Glaciation of South America,” Walter H. 
Schoewe; “Outline for the Study of Frost and Protection against Frost,” 
William G. Reed; “The Discovery of the Painted Stone, an Early Ob- 
servation of the Driftless Area,” Lawrence Martin. 

National Geographic Magazine for September; Washington, D. C.; 
$2.50 per year, 25 cents a copy: “The Warfare on Our Eastern Coasts” 
(with thirteen illustrations and two maps), John O. La Gorce; “Historic 
Islands and Shores of the Aigean Sea” (with twenty-eight illustrations 
and one map), Ernest L. Harris; “London” (with twenty-nine illustra- 
tions), Florence C. Albrecht. 

Nature-Study Review for September; University of Chicago, Chicago, 
Til.; $1.00 per year, 15 cents a copy: “A Study of Spiders,” Alice J. Pat- 
terson; “Learning to Read a Roadside,” G. M. Goethe; “Nature Play in 
the Mountains,” Charles L. Edwards; “Our School Gardens,” Bessie 
Cooper; “Activities of One Live Rural School Teacher”; “The Public 
School as a Neighborhood Center,” Mable Carney. 

School Review for October; University of Chicago Press; $1.50 per 
year, 20 cents a copy: “High School Costs,” J. F. Bobbitt; “The Problem 
of Individual Differences in the Teaching of Secondary-School Math- 
ematics,” Raleigh Schorling; “Segregation at the Broadway High School, 
Seattle,” Thomas R. Cole. 

School World for October; London, Eng.; 7s. 6d. per year, 6d. a copy: 
“Sketch Maps in Geography” (with diagrams), E. R. Wethey; “The Mili- 
tary Training of Youth in Schools. A Review of Systems of Training in 
the British Empire and in Various Foreign Countries. I,” A. B. Wood: 
“Schoolbooks and Eyesight” (with diagram); “The Educational Value of 
History,” F. J. C. Hearnshaw; “Educational Retrospect and Outlook. 
The Presidential Address to the Educational Science Section of the Brit- 
ish Association,” Mrs. Henry Sidgwick; “Methods and Content of History 
as a Subject of Study in Schools,” Ramsay Muir. 

Physical Review for October; /thaca, N. Y.; $6.00 per year, 60 cents 
a copy: “Magnetization by Rotation,” S. J. Barnett; “Electrostatic 
Measurement of Electrode Potentials,” Arthur W. Ewell; “Leakage of 
Gases Through Quartz Tubes.” E. C. Mayer; “The Geiger Apparatus for 
the Photographic Registration of Alpha and Beta Particles,” J. E. 
Shrader; “A Mechanical Process for Constructing Harmonic Analysis 
Schedules for Waves Having Even and Odd Harmonics,” Hawley O. 
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Taylor; “The Change in the Elasticity of Aluminum Wire with Current 
and External Heating,” H. L. Dodge. 

Zeitschrift fiir den Physikalischen und Chemischen Unterricht for 
September; in Berlin, W. 9, Link Sts. 23-24; 6 No. $288 M. 12 per year: 
“Zement und Beton im chemischen Unterricht und als Hilfsmittel der 


Laboratoriumspraxis,” O. Ohmann; “Demonstrationsapparate fiir 
Schwingungen von Sy stemen mit zwei Freiheitsgraden und Theorie der- 
selben,” H. J. Oosting; “Der Drehstrom-Schwingungsschreiber,” I’. 


Fricke; “Uber das Chemiestudium und eine systematische Einteilung der 
gesamten chemischen Disziplinen,” P. Verbeek; Kleine Mitteilungen: 
“Betrachtungen zum Keil, zum Hebel und zum Béschungswinkel,” A. 
Stroman; “Uber Luftspiegelung,” W. Volkmann; “Konstruktion der 
Brechung und Zuriickwerfung fur mehrere Strahlen, die in einem Punkte 
einer Ebene auftreffen,” R. Glass; “Die Gewinnung von Salpetersaure aus 
Luftsstickstoff mit Hilfe des Lichtbogens,” F. Keutel; “E. Magin, Ein 
einfacher Schwimmversuch,” Versuche mit einfachen Mitteln; “P. Hanck, 
Selbstanfertigung eines v. Waltenhofenschen Pendels—F. Kiispert, Be- 
merkungen zu einigen Versuchsanordnungen,” Fiir die Praxis. 


ACCURATE WEIGHING WITHOUT THE USE OF SMALL 
WEIGHTS. 


By Gerorce W. Topp, 
Newcastle-upon-T yne. 


Perhaps nothing disturbs the peace of mind of teachers of science so 
much as the loss of the small aluminium fractions of a gram in the weight 
box of a balance. Sometimes these weights have to be renewed more 
than once a term. The following device, which may easily be attached 
to the beam of any balance, will admit of weighings to the third place of 
decimals without the use of smal! weights. 

The small clamps C, to which the ends of the wires, CS, CS, are soldered, 
fix on to the balance beam. The wires should be of copper or brass bent to 
the shape shown in Figure 1, and the clamps should be at least 10 cm. 
apart. A millimetre scale gummed to a strip of celluloid fits tightly into 
S S (Figure 2). Weighing is effected by the movement of an aluminum 
rod, A A, which threads the loops, WW. This rod will not get lost easily 
especially if the ends of it are enlarged so as to prevent them slipping 
through the loops. The rod should be about the length of the balance 
beam, and its position on the scale can be indicated by a small piece of 
paper gummed to the rod. 


Cc 


S 


Let the length of half the balance beam be b millimetres. Then if the 
aluminium rod weighs R grams, a motion of 1 mm. along the scale cor- 
responds to the addition of R/b grams to the scale-pan opposite to the di- 
rection of motion of the rod. 
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Now if the maximum motion of the rod, 10 cm. say, is to read up to one 
gram, the weight of it must be such that a movement of 1 mm. corresponds 
to 0.010 gm. The third place of decimals should be estimated easily. 

Putting R/b = 0.010 gm., we get the following weights of the rod for 
varying balance beams : 

Length of 4 beam......... fe oe 12 cm. | 
Weight of rod ........ 1.20 gm. 

An aluminium rod 20 cm. long, weighing 1 gm., would have a diameter 
of approximately 14 mm., and would be quite rigid enough to be supported 
without sagging. The rod must be below the level of the knife-edge, but 
not too far below, or the sensitiveness of the balance will be affected. 
By bending the wires one can adjust the level of the rod to give a suitable 
sensitiveness to the balance. 

The writer has used such an arrangement as described above and finds 
that while the accuracy is at least as good as that obtained with the use 
of small weights, the operation of weighing is performed in much less time 
because weights have not to be put on and taken off continually. In 
addition there is the advantage that a rod of aluminium 20 cm. long is 
not so easily lost as minute pieces of aluminium foil—The School World. 


THE RIGID COURSE. 

There has grown up in the American system of secondary school 
education, a strong sentiment among some of our best educators, to 
the effect that high school pupils should be held very largely to a 
prescribed and definite course. They believe that the number of 
electives should be reduced to such a minimum that there is practical- 
ly no opportunity for the pupil to select anything outside of the 
course with which he has connected himself. 

The writer believes that this is entirely wrong and that it is not 
productive of the best educational results. Over against the group 
of instructors already referred to, there is a large and increasing 
number who believe that the courses should be very elastic, and that 
the pupil should have, within reasonable limits, considerable latitude 
in the selection of his studies. Everyone will admit that any pre- 
scribed course can not be the best for every boy and girl. It is 
absolutely impossible to fill a square hole with a round stick, even 
though the diameter of the stick may be equal to one of the sides 
of the square. There are many subjects outside of the prescribed 
courses, which have just as much educational value as those which 
may be given in the best courses which are now offered in our 
leading secondary schools. As it is in many cases at present, pupils 
are obliged to pursue studies for which they have absolutely no love, 
the result being that the benefit derived from the pursuit of such a 
study is almost nothing; whereas everyone knows that if the pupil 
can be given something in which he is interested and for which he 
has a special faculty, he will enter into the game of studying that 
subject with vim and interest, and with the result that he will become 
proficient in it. 

It seems to the writer that if on the basis of sixteen credits for 
graduation, at least half of these were made elective—not entirely 
depending on the whim of the pupil but on consultation with parent, 
principal, and teacher—the result would be far more beneficial to the 
pupil than under the rigid course regime. Likewise many of our 
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pupils who now leave high school before graduation, would be in- 
duced to remain. Indeed the writer is almost of the belief that he 
would compel the pupil to take only six of the sixteen credits, all the 
others being elective. He would insist that English be required for 
at least three years. 

It has been the observation of many instructors that where the 
pupil, under proper supervision, has selected elective studies, he almost 
invariably makes good. Our schools are not for the purpose of 
crowding down the intellectual esophagus, subjects that are abhor- 
rent to the pupil, but they are more for leading the young person 
into those directions which will be congenial to him, and at the 
same time allow him to pursue those studies for which he has a 
special aptitude, and which will enable him to become the highest 
type of citizen. 


ERRORS IN RAILROAD MAPS. 


It is a notorious fact that many of the railroad and steamship maps of 
this country are so far removed from anything corresponding to an 
accurate United States Geological Survey map, that they amount to abso- 
lutely nothing as far as giving a correct idea of direction or distance 
ofthe country through which the railroads pass. Many of these maps make 
the particular railroad represented, pass in practically a straight line be- 
tween the larger railroad centers. Then, too, the area of the territory and 
the boundaries of states are distorted out of all resemblance to the truth. 
Young people necessarily get an erroneous idea of their country in study- 
ing these maps, and foreigners often gain their only knowledge of the 
nature and extent of the land from the maps which the railroads 
place in their hands. 

It is time something is being done to compel our common carriers to 
issue maps in conformity with the United States Geological Survey. 
Resolutions will be introduced at the coming meeting of the Central 
Association of Science and Mathematics Teachers, with the idea in mind 
of requesting Congress to pass a Bill compelling the railroads and steam 
ship companies, in issuing their maps, to conform absolutely to the maps 
of the United States Government. It is hoped that all science and 
educational associations will assist in the movement to bring about this 
end. All people who are interested in having this abortion corrected are 
requested to write to their Congressmen asking them to use their influence 
in passing a Bill that will compel the railroads to issue maps that are 
correct. 


SCIENCE SECTION MEETING OF THE NEW YORK STATE 
TEACHERS’ ASSOCIATION. 

The next meeting of this Association will occur in the West High 
School, Rochester, New York, on November 22nd to 24th. A very inter- 
esting and helpful program has been arranged. Among some of the sub- 
jects are the following: “Some Interesting Phases of Bird Study.” by 
Prof. A. A. Allen, Cornell University; “How to See a Map,” by Prof. 
Geo. H. Chadwick, University of Rochester; “Content Methods and Re- 
sults of High School Study of Chemistry,” by Prof. Alexander Smith; 
“Forestry,” by Dean Hugh Baker, Syracuse University. 

There will be a splendid exhibit of apparatus of one kind and another. 

All science teachers of the state of New York should plan to be at 
this meeting. For further information, write to the Secretary, Harry C. 
Allen, High School, Niagara Falls, New York. 
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RESPIRATION IN PLANTS. 


[The following account came to us from a pupil in a New York City high 
school. It appears to represent an interesting attempt at original investiga- 
tion on the part of the pupil. While it is true that respiration in plants has 
been demonstrated by earlier investigators, and most of its phases are 
rather well known, the design of the apparatus described below appears to 
be original. There are certain criticisms of the experiment that might be 
made, however. Since the writer requests criticism, will not some of our 
botanical readers attempt a constructive criticism of the experiment? Send 
such criticism to the botanical editor —Editor.] 

The following is a description of an experiment which I performed last 
winter in my own home laboratory. I set out to demonstrate by experiment 
that a plant cannot live without oxygen, even if all other conditions are 
kept normal; in other words, that the process of respiration in plants is 
identical in principle with that in animals. I had never heard of or seen 
any similar experiment, either before or since. 

So I began to figure it out, and finally I constructed a shelf at the win- 
dow where the sun came most often, and set upon it the following 
apparatus : 


From the diagram, it will be seen that I aimed to give my plant all the 
constituents of ordinary air and earth, and all other conditions, i. e., N,, 
CO,, NH; (traces), H, O, sunlight and heat, but NO OXYGEN. That part 
of the apparatus marked B furnished the CO,, of which I let in a small 
number of bubbles each day. The wash bottle prevented any H Cl fumes 
to get into J. 

Each day I gave it a small quantity of H, O by means of the drop funnel. 
It will be noticed that more water can be put into the funnel, and that the 
CO, generator can be detached and cleaned without affecting the rest of the 
experiment. 

The sunlight it, of course, received from the window, and the radiator 
in the rnom kept the temperature up during the night. The stopper S was 
sealed with wax. I used oil in the pan because H, O might contain dis- 
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solved air or oxygen. The original oxygen in J I eliminated by burning the 
candle X when I set up the apparatus. Any oxygen that may have re- 
mained, or, more important still, any which might have been given off dur- 
ing the progress of carbohydrate manufacture, as a by-product, was con- 
sumed by a piece of phosphorus in the crucible C floating on the oil. Thus 
{ watched the experiment for over a week. As a side issue; one of the 
observations, interesting from a physical point of view, was that in the 
night, it being somewhat colder, the atmosphere in J contracted and the oil 
rose in the jar; during the day, the level of the oil was lower in the jar 
than in the pan. 

At the end of three or four days my plant (corn plant), healthy when 
first put under the jar, showed signs of withering, i. e., turning brown and 
yellow. This could not have been for lack of water, for I carefully regu- 
lated the supply. It kept getting worse, till at the end of eight or nine 
days it died. 

Perfect as I have tried to make the apparatus, I realize that there are 
several possible flaws in it; and herein lies the possibility that the result 
is not absolutely conclusive. Some day I hope to repeat it, perhaps with 
several modifications. 

However, I believe it is an interesting experiment, as it is my first at- 
tempt at original experimental work in my favorite hobby and future life 
study, viz, biological chemistry. I give it for what it is worth; and will 
be greatly obliged for criticism or suggestions from any of the readers of 
the magazine. L. ScHaar, 

Morris High School, N. Y. C. 


A TYPICAL GOVERNMENT HIGH SCHOOL. 


It is time that our national government set apart a sufficient sum of 
money for the purpose of establishing an ideal high school in some central 
locality of the country. In the construction of this school building every 
provision possible should be made for handling all phases of secondary 
school work with the highest possible degree of efficiency. In all of its 
departments the building should be equipped with devices of all descriptions 
which are most modern in their character, and which are conducive to the 
most successful teaching. 

There are now being erected in all parts of our country secondary school 
buildings, many of them equipped in a modern manner, many having well- 
selected libraries and standard apparatus; yet at the same time they have 
not all the very best arrangement, nor have they the best apparatus, books 
and charts purcurable for the money expended. This proposed school 
would be a model in every respect, and a place to which Boards of Edu- 
cation might send committees and societies might send their representatives 
and instructors themselves might visit, in order to see demonstrated the 
most advanced equipment in secondary education. It is not intended that 
this school, when once established, should remain as it is finished, but new 
devices, new schemes, new apparatus, etc., when invented, should be tried 
out here. In other words, it should be kept absolutely up to date. 

The value of such a school as this cannot be measured in dollars and 
cents. It would be the means of increasing the efficiency of secondary 
school teaching more rapidly than by any other plan now in operation. It is 
hoped that some energetic Congressman who is in touch with secondary 
school work in the country, will take this matter in hand and push it for all 
it is worth for the establishment of the best all-around secondary school in 


the world. 
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WASH BOTTLE VALVES. 


By E. W. GAITHER, 
Wooster, Ohio. 


Use % inch medium wall soft glass tubing, heat on narrow flame, draw 
out stricture A (Fig. 2), cool and cut off # to 4 inch below stricture at 
B. Heat B and spread by inserting blunt ended piece of charcoal; heat 
again and make valve seat by rotating charcoal. This makes a wide angle 
seat and prevents the valve sticking. 


“Pe 
@: 
z 
4h 
\ 
“| 
| 
w 
|: J UY 
@ 
Q 


Make an oval bead C on end of a glass rod (Fig. 1) cool, insert in 
tube as shown in (Fig. 3) add a little water and emery flour and grind 
seat D by rotating glass rod at G. When seat is thoroughly ground, wash 
out emery, draw out rod, cut off at E thereby dropping back into place, 
using a very small blast flame, heat tube at B and turn edges in so as to 
hold valve in place (Fig. 4). Cool and bend tube for mouthpiece. Cut 
a piece of glass tubing about 2 inches long (Fig. 5) and partly seal one 
end for valve seat. Make a round bead on end of of glass rod (Fig. 8), 
grind valve seat F, cut off 4 inch longer than tube at H, partly seal the 
other end of tube and make irregular by pressing it slightly while hot, 
cool, insert valve and flatten end at H by heating. Assemble as in (Fig. 9). 

By blowing through mouthpiece, valve F is closed, back pressure closses 
D, and flow of water continues until pressure is relieved by pressing 
down on F with thumb.—The Chemist-Analyst. 
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EASTERN PHYSICS TEACHERS 


EASTERN ASSOCIATION OF PHYSICS TEACHERS. 


On Saturday, May 22nd, at St. Paul’s School, Concord, New Hamp- 
shire, the seventy-first regular meeting of this Association was held. As 
is usual with all of the gatherings of this wide-awake company of physics 
teachers, this particular meeting was one of interest and helpfulness to 
everyone who attended. 

The regular routine of business was first carried out, after which an 
address of welcome was given by the rector of the school, Rev. Samuel 
S. Drury. Following this, Prof. G. H. Hull of the Department of Physics 
of Dartmouth College gave an address on the “Reflection of X-Rays From 
Crystalline Surfaces.” This address was something new and unique to 
the members present, Prof. Hull showing that he was in complete com- 
mand of the subject. Following this address, the meeting adjourned 
for luncheon, which was served in the dining room of the Upper School. 
The afternoon session was begun by an address on “Transcontinental 
Telephony,” by Mr. J. G. Patterson of the New England Telephone and 
Telegraph Company. This talk was listened to with the greatest interest, 
as the speaker gave the members of the Association something in which 
they were intensely interested. It brought them strictly down to date 
with reference to the science of telephony. This address was followed 
by Willard J. Fisher of the Department of Physics of the New Hamp- 
shire State College, on “Methods of Projecting Lecture Experiments.” 
This talk was helpful and very much to the point. After adjournment 
of the session, the school plant was inspected. 

The educational value of these meetings can hardly be estimated, as 
the members who attend are placed directly in touch with the leading 
thought on the subject of physics, and they secure an inspiration to keep 
abreast of the times. In this way they are making of themselves better 
all-round physics instructors. 


THE ANNUAL 1915 MEETING OF THE CENTRAL ASSOCIA- 
TION OF SCIENCE AND MATHEMATICS TEACHERS. 


The fifteenth annual meeting of the Central Association of Science and 
Mathematics Teachers will be held at Chicago in the new building of the 
Harrison Technical High School, November 26th and 27th. Plans for the 
meeting provide programs for the general sessions and section meetings, 
which include addresses, papers, and discussions on some of the most im- 
portant topics now under consideration in secondary-school work. 

At the general session on Friday morning, November 26th, addresses 
will be given by Earle R. Hedrick, professor of mathematics, University of 
Missouri, Cyril G. Hopkins, professor of agronomy, University of Illinois, 
and Edward H. Steiner, sociologist, Grinnell College, Iowa. The re- 
markable development of the high school in recent years and the new 
demands made upon it have given rise to questions of reorganization and 
administration, which affect the teacher as well as the pupil. The speakers 
at this session are peculiarly well fitted to deal with these questions, and 
teachers of science or mathematics in the territory of the association can- 
not afford to miss this opportunity of broadening their outlook on the 
practical problems of readjustment and getting suggestions of real value 
to aid in solving these problems in their own school. 

On Friday evening, William B. Ittner of St. Louis, architect of the 
Board of Education of St. Louis, and one of the foremost architects of 
school buildings in the country, will give a most interesting and valuable 
address on school architecture, Mr. William R. Moss, Chicago Association 
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of Commerce, will give an address from the viewpoint of a business man 
as to what business demands of science and mathematics teaching, and 
Mr. A. A. Upham of the Whitewater Normal School, Wisconsin, will 
speak from a school man’s point of view concerning the business manage- 
ment of our school systems. 

The programs of the section meetings, Agriculture, Biology, Chemistry, 
Earth Science, Home Economics, and Mathematics, include papers by many 
of the ablest and most prominent teachers of the country. Committees ap- 
pointed in the various section at the last annual meeting have been at work 
during the year and will report at this meeting. It is expected that ample 
time will be allowed in each section for general discussion. The program 
will be sent out early in November, and members are urged to come to the 
meeting prepared to take part in the discussion of papers. 

All teachers of science and mathematics interested in making their work 
of greater value to pupils and to the community who have not availed them- 
selves of the benefits of this Association, are cordially invited to attend this 
meeting and enroll themselves as members. Not the least pleasure and 
profit of attending the annual meetings of this Association is the opportun- 
ity it gives of renewing old friendships and forming new ones. The mutual 
exchange of ideas and experiences will furnish inspiration for the work of 
another year. 

For programs and additional information, write the Secretary, Mr. A. 
W. Cavanaugh, Lewis Institute, Chicago. 


EDUCATIONAL PRESS ASSOCIATION OF AMERICA. 


President—John MacDonald, Topeka, Kansas. 
Vice-President—Henry G. Williams, Athens, Ohio. 
Secretary—Julia Fried Walker, Indianapolis, Ind. 
Treasurer—S. Y. Gillan, Milwaukee, Wis. 
Executive Committee—Howard A. Gass, Jefferson City, Mo.; Geo. L. 
Towne, Lincoln, Neb. 

MEMBERS. 
American Education, Albany, N. Y. 
American Journal of Education, Milwaukee, Wis. 
American Primary Education, Boston, Mass. 
American School Board Journal, Milwaukee, Wis. 
Arkansas School Journal, Little Rock, Ark. 
Atlantic Educational Journal, Baltimore, Md. 
Canadian Teacher, Toronto, Can. 
Colorado School Journal, Denver, Colo. 
Educator-Journal, Indianapolis, Ind. 
Educational Exchange, Birmingham, Ala. 
Florida School Exponent, Tallahassee, Fla. 
High School Quarterly, Athens, Ga. 
Journal of Education, Boston, Mass. 
Kindergarten-Primary Magazine, New York City. 
Manual Training Magazine, Peoria, III. 
Midland Schools, Des Moines, Iowa. 
Missouri School Journal, Jefferson City, Mo. 
Moderator-Topics, Lansing, Mich. 
Nebraska Teacher, Lincoln, Neb. 
New Mexico Journal of Education, Santa Fe, N. M. 
North Carolina Journal of Education, Raleigh, N. C. 
Ohio Educational Monthly, Columbus, Ohio. 
Ohio Teacher, Athens, Ohio. 
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In Keeping With Present Requirements 


Waters 
Essentials of Agriculture 


satisfies the demand of the day for an accurate and useful 
high-school textbook in agriculture. It is a new book and the 
best in its field. While sound and adequate in its presenta- 
tion of elementary science, Essentials of Agriculture sticks 
close to the soil, the barn, and the balance sheet. 445 pages, 


One Among Many Enthusiastic Opinions: 


“I have studied Waters’s Essentials of Agriculture closely. 
It is beyond all question a most excellent high-school text. 
It is, in my opinion, the very best text that has been written 
on this subject.” 

J. D. ENliff, Professor of High-School Administration, Uni- 
versity of Missouri, Columbia, Missouri. 


Already the state-adopted text in Kansas. Write for illustrated 


booklet. 
GINN AND COMPANY iG 
Boston New York Chicago London P's ee | 
Atlanta Dallas Columbus San Francisco 


Oklahoma School Herald, Oklahoma, Okla. 
Pennsylvania School Journal, Lancaster, Pa. 
Popular Educator, Boston, Mass. 

Primary Education, Boston, Mass. 

School and Home Education, Bloomington, III. 
School Bulletin, Syracuse, N. Y. 

School Century, Oak Park, IIl. 

School Education, Minneapolis, Minn. 

School Journal, New York, N. Y. 

School News, Taylorville, Ill. 

School Science and Mathematics, Chicago, III. 
Sierra Educational News, San Francisco, Cal. 
Southern School Journal, Lexington, Ky. 
Teacher’s Monograph, New York City. 

Texas School Journal, Dallas, Texas. 

Volta Review, Washington, D. C. 

Western School Journal, Topeka, Kansas. 
Western Teacher, Milwaukee, Wis. : 
Wisconsin Journal of Education, Madison, Wis. 


BOOKS RECEIVED. 


An Introduction to Science, by Bertha M. Clark, Wm. Penn 
High School for Girls, Philadelphia. 492 pages. 13x19 cm. Cloth. 1915. 
American Book Co., Chicago. 

Miln’s Second Course in Algebra, by Wm. J. Miln. 288 pages. 12x18 
cm. Cloth. 1915. American Book Co., Chicago. 

Soils—Their Properties and Management, by T. L. Lyon, Elmer O. 
Fippin, Harry O. Buckman, Cornell University. Pages xxi+764. 13x19.5 
cm. Cloth. 1915. The Macmillan Co., New York City. 
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Chemistry in the Home, Henry T. Weed, Manual Training High School, 
Brooklyn, N. Y. 384 pages. 13x19 cm. Cloth. 1915. American Book 
Co., New York City. 

Vest Pocket Handbook of Mathematics for Engineers, by L. A. Water- 
bury, University of Arizona, 2nd Edition. 213 pages. 7.5x14 cm. Cloth. 
1915. John Wiley & Sons, New York City. 

The Fish Notebook, by Geo. C. Embody, Cornell University. Pages 
139. 12x19.5 cm. Paper. 1915. Comstock Pub. Co., Ithaca, N. Y. 

First Book in French, by Eugene F. Maloubier, Adelphi College, and 
Justin H. Moore, College of the City of New York. Pages xiii+363. 
13x19 cm. Cloth. 1915. $1.10. The Macmillan Co., New York City. 

Farm Business Arithmetic, by Curtis J. Lewis. Pages xiii+199. 
13x19 cm. Cloth. 1915. D. C. Heath & Co., Chicago. 

Lessons in Elementary Physiology, by Thos. Huxley. Revised Edition. 
Pages xxvi+604. 13x19 cm. Cloth. 1915. The Macmillan Co., New 
York City. 

Mathematics Tables for Classroom Use, by Mansfield Merriman. 67 
pages. 13x19 cm. Cloth. 1915. Jn. Wiley & Sons, N. Y. 

Grammar School Arithmetic, by Florian Cajori, Colorado College. 
Pages ix+437. 13:5x19.5 cm. Cloth. 1915. The Macmillan Co., New 
York City. 


BOOK REVIEWS. 
A Yearbook of Wireless Telegraphy, by the Marconi Co. Pages |xvi+-800. 
14.5x21.5 cm. Cloth. 1915. $1.50. Marconi Publishing Corporation, 
450 4th Ave., New York City. 

This book is by all odds the one which should be in the hands of all 
persons, both professional and amateur, who are interested in wireless 
telegraphy. There is in the book an interesting record of the develop- 
ment of wireless telegraphy from the time of Faraday’s discovery of 
electromagnetic induction down to the present day. The various wire- 
less laws and regulations are given, as well as an account of the inter- 
national radiqtelegraphic convention. A splendid account is given of the 
recent international convention on the safety of life at sea. The laws 
and regulations applying to wireless telegraphy, of the various nations 
of the earth, are given. Those appertaining to the United States are 
very complete. A list of the wireless stations of the world is given, as 
well as a long list of the ship stations. Probably every ship afloat, on 
board of which is a wireless outfit, is listed here. In this list the signal 
call, normal range in nautical miles, the line to which it belongs, wave 
lengths in meters, and the ship charge, are given. There are several 
papers by prominent men dealing with radiotelegraphy, printed in the 
body of the book. There is a splendid glossary of terms used in radio 
work, together with a dictionary of technical terms, printed in English, 
French, German, Swedish, and Italian. The book contains many illustra- 
tions—in fact it is filled from cover to cover with information and data 
of the highest value to all radio men. No person engaged in any way 
with wireless telegraphy can afford to be without this book. C. H: S. 


First Year Course in General Science, by Clara A. Pease, High School, 
Hartford, Conn, 315 pages. 13.5x19 cm. Cloth. 1915. $1.20. Chas. 

E. Merrill Co., New York City. 
This is a very interesting and helpful book, which has been produced 
in order to give a general, comprehensive view of science, rather than a 


3 


The Only Grand Prize 


est ) given to Dictionaries, 
ma that for Superiority of Educational Merit, me 


was granted to 


WEBSTERS NEW INTERNATIONAL 


= 
2 and the Merriam Series 


at the Panama-Pacific Exposition. : 
600,000 2760 Pages. THIS NEW CREATION 
2 


12,000 Biographical Entries. 
Over 6000 Illustrations. Colored Plates. Is an all-knowing special teacher answering with 
REGULAR and INDIA-PAPER final authority all kinds of puzzling questions 
Editions. in spelling, pronunciation, definition, history, 


geography, biography, sports, arts, and sciences, 


THE ONE SUPREME AUTHORITY: 

It is the standard of Federal and State Courts. 
The standard of the Government Printing Of- 
fice. The standard of nearly all the schoolbooks. 
Indorsed by State School Superintendents. AU 
States (30 in number) that take official action 
regarding the adoption of dictionaries recog- 
nize the Me ‘rriam Series as authoritative. 
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book of general information. It is intended primarily to teach first year 
pupils the relation and interdependence of the commonly recognized 
sciences, and to prepare them for intelligent work in any science offered 
in the high school during the last three years. The illustrations are apt 
and well selected, there being 161 of them. The volume is the result of 
years of experience in the Hartford High School. It surely is written 
in such an attractive style, and the particular subjects are so well chosen. 
that the first year high school pupil cannot help but become interested 
in it. It deserves a wide circulation. Mechanically, the book is well made, 
the type clear, and the major paragraphs are begun with bold-faced type. 
Mechanical Drawing, with Special Reference to the Needs of Mining 
Students, by Joseph Husband, University of Sheffield. 79 pages 
22x28 cm. Paper. 1915. 80 cents. Longmans, Green & Co., New 
York City. 

This is a splendid treatise on the art of mechanical drawing, every 
other page, at least, being devoted to practical drawings which are to be 
copied by the pupil. The first few pages are given over to the use and 
construction and manipulation of drawing instruments. The drawings 
progress in degree of difficulty from the very simplest to those of a 
complicated nature." Too much cannot be said in praise of these splendid 
drawings. They are correct in every detail. Mechanical drawing teach- 
ers, who instruct by the method of copying, cannot do better than to 
make use of this book. aM C2. &. 
Read’s Salesmanship, by Harlan E. Read. 296 pages. 14x20 cm. Cloth. 

1915. Lyons & Carnahan, Chicago. 

This is a book written in some such a manner as a former volume by 
the same author, but this is much more extended in its treatment of the 
subject. The psychology of the science of salesmanship is one of the 
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practical features of the book. It is well illustrated by charts and dia- 
grams, which place the topics before the student in a correct fashion. 
One finds throughout the work requirements for practical work in real 
salesmanship. The book can be said to be in a class by itself in its 
adaptation of the subject of salesmanship to the needs of classroom work. 
The author is a practical salesman and a teacher of some years’ expe- 
rience. This is a volume which a great many old drummers ought to 
procure and read, and at the same time all people who expect to make 
salesmanship, either on the road or behind the counter or in the real 
estate office, their profession, should study the book thoroughly. C. H. S. 

Francis W. Parker School Yearbook, Vol. IV. 187 pages. 15x22.5 cm. 

70 illus. Paper. 1915. Francis W. Parker School, Chicago. 

This is a book prepared by the faculty of this school, and it deals with 
“education through correct expression.” It is a distinctive contribution 
to the literature of practical education, and presents in a variety of ways 
the work which is being carried out in this very interesting and unique 
school. The importance of providing adequate and correct experience and 
imagery as the basis of all school work, of motivating the work, of re- 
lating it to the needs and occupations of the children, and of carrying 
over the knowledge gained into purposeful activities, cannot be too 
strongly emphasized. The absence of proper opportunity in most schools 
to turn what is learned into practical use, is responsible in large measure 
for the dislike of the children for school work. This volume is filled with 
new and interesting articles on how to best secure and hold the atten- 
tion of the pupil. It should be carefully read and studied by all school 
folk. C. S. 
The Practical Conduct of Play, by Henry S. Curtis, Supervisor of Play- 

grounds, District of Columbia. Pages ix+330. 13.5x20 cm. Cloth. 
1915. $2.00 The Macmillan Co., New York City. 

A splendid book appearing at an opportune time, on a very practical 
subject, by a person abundantly qualified to present the matter of the 
science of play on the part of school children in all of its phases. Space 
will not permit of any detailed account, but we are urging all people in- 
terested in settlement work and in the better care of children, both in and 
out of doors, to secure a copy and become familiar with it. a 


Practical Applicd Mathematics, by Joseph W. L. Hale, Associate Professor 
of Engineering, The Pennsylvania State College. Pages xi+206. 
12x18 cm. $1.00. 1915. McGraw-Hill Book Company, Inc., New York. 

While serving for five years as supervisor of apprentice schools of the 
Pennsylvania lines east of Pittsburgh and Erie, the author has been in- 
terested in organizing and developing a system of railroad shop appren- 
tice schools. The results of his experience in this work and of his in- 
vestigations of the work of various vocational and corporation schools 
of manufacturing industries and railroads has led to the preparation of 
this book. The material was chosen with the purpose of making the book 
usable not only in railroad schools but also in mechanical trade schools 
and in public schools. 

The first five chapters deal with the fundamental operations of arith- 
metic and their applications; in the next five chapters the various prob- 
lems of mensuration of plane figures are presented; the next five chapters 
introduce the student to the literal notation of algebra and the use of 
the equation ; and the last five chapters deal with the surfaces and volumes 
of solids. Most boys have a fairly good knowledge of the practical 
material of the problems; and the careful arrangement and sequence of 
the entire work should make it a very useful and helpful book for use 
in the schools for which it is designed. H. E. C. 
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Model 329 Portable Polyphase Electrodynamometer Wattmeter 


An Instrument of Precision guaranteed to an accuracy of $ of 1% of full scale value 
on A. C. Circuits of any frequency up to 133 cycles per second and any wave form. 
Double ranges are provided for both current and voltage circuits. All current ranges 
can be used for 100% overload indefinitely without introducing 
error. 

The movable system has an extremely low moment of inertia 
and is very effectively damped. Indications are independent 
of room temperature, the heating effect of current passin 
through the coils, and the instrument is shielded from externa 
magnetic influences. 

The scale, 53 inches long, is uniform throughout the entire 
length, a characteristic of great value. The scale is hand-cali- 
brated and provided with a mirror over which the knife-edge 
pointer travels, and the pointers may easily be adjusted to zero 
by means of a zero-correcting device. 

For complete information regarding Model 329 Wattmeters 
write for Bulletin 2002. Other models in this group are Model 
310 Single-Phase and Direct Current Portable Wattmeter, 
described in Bulletin 2002; Model 370 A. C. and D. C. Portable 
Ammeter, described in Bulletin 2003; and Model 341 A. C. and 
D. C. Portable Voltmeter, described jn Bulletin 2004. 

Have you the Weston Mongraph B-5 for Science teachers? 


Weston Electrical Instrument Co. 


45 Weston Ave., Newark, N. J. 
Branch Offices in the Large Cities. 


For Your Laboratory 


Made in 


‘ Cambridge 
Ohio 


Casseroles Mortars with Pestles 


Petri Dishes 
Complete Line 


Evaporating Dishes 
Crucibles 


Guaranteed the equal of any Porcelain Ware made in the World 


Tested and Found True 


Catalogue now ready. Mailed on request, with complete Price List. 
Write us for prices and data before you place your next order, 


The Guernsey Earthenware Company 
21 East End Street Cambridge, Ohio, U. S. A. 


Please mention School Science and Mathematics when answering Advertisements. 
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School Arithmetic, Intermediate Book, by Florian Cajori, Pages viii+299. 
13x19 cm. 40 cents. 1915. The Macmillan Co., New York. 

The method of presentation in the Primary Arithmetic by the same 
author is followed in this book. To make arithmetic attractive to the 
pupils without sacrifice of serious intent by furnishing problem material 
bearing on the practical life of today, to encourage the pupils to work 
out problems for themselves, and to secure greater economy of effort by 
simplifying the technique are some of the aims of the author. These 
aims seem to be realized. The large type, tabular arrangement of data 
and problems, and clear explanations in addition to the details already 
noted will render this a very teachable book. H. E. C. 
Everyday Arithmetic, A Practical Mental Arithmetic, by John B. Gifford. 

Pages x+194. 14x19 cm. 35 cents. 1915. Little, Brown & Company, 
Boston. 

The demand for more mental work in arithmetic seems to be on the 
increase; and this book, topically arranged and dealing with problems of 
everyday life, will commend itself to interested teachers. “In doing the 
world’s work the tradesman, the man in the shop, and people in almost 
all walks of life use much more mental than written arithmetic.” The 
subjects usually included in written arithmetics are treated in this book 
with discriminating perception. H. E. C. 
Mortality Laws and Statistics, by Robert Henderson, Actuary of the 

Equitable Life Assurance Society of the United States. Pages v+111. 
15X23 cm. $1.25. 1915. John Wiley & Sons, Inc., New York. 

Volume 15 of Mathematical Monographs, edited by Mansfield Merri- 
man and Robert S. Woodward is designed to set forth in concise form 
the essential facts and theoretical relations with reference to the duration 
of human life. The first chapter gives a description of some of the 
mortality tables which have had a relatively important part in the history 
ot the science of life contingencies or on its application in this country. 
Then the mathematical relations between the various functions connected 
with human mortality, and other mathematical laws which have been pro- 
posed to explain facts in this field are considered. Methods of construct- 
ing mortality tables are then taken up, and a new mortality table based 
on some of these methods of construction and graduation is published 
for the first time. Twelve mortality tables and three diagrams are in- 
cluded in the book. H, E. C. 
A First School Calculus, by R. Wyke Bayliss, Mathematical Master at the 

Whitgift Grammar School, Croydon, England. Pages xii+288. 
1319 cm. $1.20. 1914. Longmans, Green & Co., New York. 

There can be no doubt of the advantage of introducing the calculus by 
means of concrete problems. Under the old method of defining differen- 
tiation abstractly and proceeding at once to derive the rules and apply 
them solely in differentiating functions of one variable, the student mor- 
tality was altogether too great. Moreover, this method of instruction is 
the sufficient reason why so many engineers avoid all use of the calculus 
after they leave college. 

The present volume is a capital example of the modern practice of in- 
troducing every new idea by means of a simple concrete problem as far 
as it is possible. The solution of a problem leads to a method of pro- 
cedure or a rule, then the rule is derived by the student in response to a 
series of questions or suggestions. Then a list of exercises furnishes a 
drill in applying the rule, and- this is followed by a list of concrete 
problems. Many suggestions and explanations are given with the answers, 
which fill 108 pages. These suggestions and the skillful use of the 
Socratic method throughout the book makes this an excellent textbook 
for use with voung pupils and for self-instruction. Bm. £. C. 
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Replace your 


Inconvenient Footbellows 
with a 


GRAMERCY 
ADJUSTABLE 
PRESSURE BLOWER 


Portable—Silent Running—Highly Efficient— 
—Require little power to operate 


Gramercy Blowers are equipped with equalizing chamber, which gives 
an even current of air without the use of a separate tank. They are also 
provided with an adjusting valve for regulating the pressure. 


Size No. 1 Model A—will operate several blowpipes up to 4 Ibs. pres- 


Size No. 1 Model CA—same as above with electric motor 
mounted on same base with belt drive. Operates on 
lighting Or pOWer Circuits. .............-ececeececeseeeneeeee 110 volts D. C. $23.25 net 


220 volts D. C. $24.25 net 


Larger sizes and other types are available—Descriptive pamphlet upon request 


EIMER 482 AMEND 


(Founded 1851) 


INDUSTRIAL and EDUCATIONAL LABORATORY APPARATUS 
CHEMICALS and DRUGS 


NEW YORK, N. Y., and PITTSBURGH, PA. 


Please mention School Science and Mathematics when answering Advertisements. 
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Practical Mathematics for Advanced Technical Students, by H. Leslie 
Mann, A. R. C. Sc., Lecturer in Advanced Practical Mathematics, 
The Woolwich Polytechnic. Pages xi+487. 15X22 cm. $2.10. 1915. 

Longmans, Green & Co., New York. 

This textbook assumes some knowledge of elementary algebra, geom- 
etry, trigonometry, and the use of logarithms and squared paper. It is 
planned to cover a course of two or three years, and develops principles 
and processes in a systematic manner, so that the student gets a real 
knowledge of the underlying principles of mathematics as well as the 
method of applying them in the solution of practical problems. 

In the first section, the parts of algebra and trigonometry necessary for 
successful work in the calculus are selected—partial fractions, binomial 
theorem, approximation, exponential and logarithmic series, the formulas 
of trigonometry, complex quantities, and so on. The second section gives 
a very practical treatment of the calculus with enough attention to the 
theoretical side and exercises for drill so that the student can become 
thoroughly familiar with the principles of the subject. The work of the 
third section consists of the methematics involved in the problems that 
must be solved by the technical student—bending moment, deflection of 
beams, theory of struts, and so on. Because of the well-balanced selec- 
tion of theory and practice, this book should prove a very satisfactory 
textbook. & 
School Algebra, First Course, by H. L. Rietz and A. R. Crathorne, Uni- 

versity of Illinois, and FE. H. Taylor, Eastern Illinois State Normal 
School. Pages xiii-+271. 1319 cm. $1.00. 1915. Henry Holt & 
Company, New York. 

The authors have made a special effort at presentation of principles and 
definitions in clear, simple style, with wordy unessentials eliminated. The 
laws of algebra are closely connected with the rules of arithmetic, and 
the close connection with arithmetic is kept in view throughout the book. 
The problems are new and there is an abundance of simple and carefully 
graded exercises. H. E. C. 
Mathematics for Machinists, by R. W. Burnham, Erasmus Hall High School, 

Brooklyn, New York. Edited by J. M. Jameson, Girard College. 
Pages viii+229. 1318 cm. $1.25. 1915. John Wiley & Sons, Inc., 
New York. 

For a number of years the author has been an instructor in the eve- 
ning machine classes in Pratt Institute. Working with men and boys 
who have had little mathematical training, he has written a book which 


By S. I. Jones, B. Sc., B. Se., Professor of Mathematics, 
Nashville Bible School, Nashville, Tenn. 


“An exceedingly valuable mathematical work.” “Novel, amusing and instructive.” 
“We have seen nothing for a long time so ingenious and entertaining as this valuable 


work."’—The Schoolmaster, London, England. 

“A most useful handbook for mathematics teachers.’’—School Science and Mathematics, 
Chicago, Ill. 

“A most convenient handbook whose resources are practically inexhaustible.” “We 
cordially recommend the volume as the most elaborate, ingenious and entertaining book of 
its kind that it has ever been our good fortune to examine.”—Education, Boston, Mass. 


329 pages Half Leather Attractively Illustrated and Beautifully Bound 
Descriptive Circular Free. Price, $1.65, Postpaid. 


Address, SAMUEL I. JONES, Publisher 


Nashville Bible School, NASHVILLE, TENN. 


Please mention School Science and Mathematics when answering Advertisements. 
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No. 64 


With Side Fine Adjustment 


(LEVER TYPE) 


Built after the regular Spencer 
low compact construction, af- 
fording ease and comfort in 
use, black lacquered body tube 
which avoids reflection of light 
into the eyes, seamless vulcan- 
ite rubber covered stage of ex- 
tra large size, iris diaphragm 
operated by a milled ring which 
may be reached from any side, 
fine adjustment 24 times finer 
than the older forms, lacquer 
t both black and yellow, alcohol 
proof. 


The construction of the fine 
adjustment is mechanically of 
the highest efficiency and dura- 
bility, arrived at after 
more than ten years’ expe- 
rience in building side fine , 
adjustments. We guaran- | 
tee it against lost motion 
or side thrust. 


Aside from fine adjustment New Spencer Microscope No. 64B, 
equipped with one eyepiece, two objec- 
tives 16 mm. and 4 mm. Double nose- 
piece, iris diaphragm, complete in cabinet. 


this microscope is the same as 
our No. 65 which has proved so 


popular as an ideal microscope 
for schools and college labora- $31.50 


tory work. Discount to Schools 


Catalog sent on request 


SPENCER LENS COMPANY 


BUFFALO, N. Y. 


Please mention School Science and Mathematics when answering Advertisements. 
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is well adapted to their needs. Beginning with fractions, his book aims 
to give in simple form an explanation of the calculations most frequently 
occurring in machine-shop work. Emphasis is placed on understanding 
the steps of a calculation rather than on the mechanical use of formtlas. 
There are 175 figures and a large number of problems of a very practical 
type. The material and method of treatment make this an excellent text 
for trade and co-operative classes in day school as well as in night school. 
As in all books issued by the publishers of this volume, the make-up and 
presswork leave little to be desired. H. E. C. 


Plane Geometry, by Claude I. Palmer, Associate Professor of Mathe- 
matics, Armour Institute of Technology, and Daniel P. Taylor, High 
School, Oak Park, lil. Edited by George W. Myers, Professor of 
the Teaching of Mathematics, The School of Education, The Univer- 
sity of Chicago. Pages v+276. 14X20 cm. 80 cents. 1915. Scott, 
Foresman & Co., Chicago. 


The main aim of the authors has been to approach abstract reasoning 
by a method that is natural and comprehensible and to vitalize the subject- 
matter by making it interesting and useful through a wide range of prac- 
tical applications. Though for the most part geometry is presented in the 
traditional form, at the beginning some of the fundamental theorems are 
shown to be true by experimental or inductive methods. Thus, the theorems 
on the congruency of triangles are shown to be probably true by cutting 
out triangles and placing one on the other, and these theorems are used 
as authority in formal proofs of the usual theorems dealing with parallels, 
triangles, and parallelograms. Later the formal proof of the theorems 
of congruency of triangles is given. In order to make it easier for pupils, 
the triangles are first called equal and later congruent. 


Actual work in geometry is begun at once without a formidable array 
of definitions, axioms, and principles. Especial attention has been given 
to the selection of exercises. There are abstract exercises to give mental 
training exercises involving an application of arithmetic and algebra to 
geometry, and others to correlate geometrical facts with real life. The 
consideration of incommensurable numbers is introduced informally in 
the treatment of areas, and the discussion of the theory of limits is post- 


poned until needed in connection with the measurement of the ciréle. 
H. ©. 


In the June, 1915, issue of this Journal the price of the textbook “Chem- 
istry of Common Things” published by Allyn & Bacon, Chicago, was given 
as $1.25. It should have been $1.50. 


TEXTS FOR HIGH SCHOOLS 
Our strong line of recent publications for high school science and math- 
ematics includes 
REED & HENDERSON’S HIGH SCHOOL PHYSICS 
WILLIAMS AND KEMPTHORNE’S ALGEBRAS 
First Course in Algebra 
Second Course in Algebra 
Elementary Algebra Complete 
WILLIAMS AND WILLIAMS’ GEOMETRIES 
Plane Geometry 
Solid Geometry—in preparation 
Plane and Solid Geometry—in preparation 


Let us have your correspondence in regard to these worthy texts. 
New York 


Chicago 
623 § Wabash Ave. Lyons & Carnahan 131 E. 23d St. 
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4 “McIntosh Lanterns Are Honest Lanterns’ 


Farming Rural Improvement Agricultural Extension 


We now have ready very complete sets of Lantern Slides of Agricultural 
Subjects. Some of the subjects covered by the several thousand slides in these 
new series are: 


Soils and Soil Management Birds, Economic Wild Animals and 
Fertilization and Plant Food Reptiles 
The Legumes and Their Inoculation Economic Insects 
Grains, Grasses Evolution and Use of Farm Implements 
Trucking Good Roads and Bridges 

; Silos and Ensilage Farm Buildings 

: Orchard Husbandry Farm Forestry and Home Grounds 

Small Fruits and Marketing Improvement 

4 Poultry Husbandry Irrigation and Reclamation 
Extension Work Cement Manufacturing 

. Animal Husbandry Concrete on the Farm 

Dairy Farming Rural School Consolidation 


Catalogue and prices on request 


ae’ The McIntosh Multiopticon illustrated above is the finest stereopticon 
é: lantern made. Lantern slide, opaque, vertical and microscopic projection combined 
in this lantern. Equipment easily added for spectra analysis and polarized light. 


Wrile for special circular describing the new Multioplicon. 


McINTOSH STEREOPTICON CO. 
410 Atlas Block CHICAGO, ILL. 
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DIRECT VISION POCKET SPECTROSCOPE 
WITH INTERFERENCE ETALON 


With this little instrument the individual lines of a spectrum 
are subjected to a resolving power of about 100,000. The Zeeman 
effect can be observed on suitable radiations with a field strength 
of only 6,000 Gauss. 


Price £4.0.0, exclusive of postage and duty. 


ADAM HILGER, 


75a Camden Road, London, N.W., England 


A Handy Reference Volume for 
Science Teachers 


Gould and Pyle’s Pocket 
Cyclopedia of Medicine 


Second Edition 


and Surgery revicea 


Illustrated. Full Limp Leather, 

Gilt Edges, Round Corners, $1.00 

Thumb Indexed . . . $1.25 
Post-Free. 


P. BLAKISTON’S SON & CO. 


PUBLISHERS 1012 Walnut Street PHILADELPHIA 
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Make Your Own Gas 


By Installing 


The Detroit Combination Gas Machine 


Cold for 
Process Cooking 
Gasoline Heating 

Gas Lighting 


= 


Have been the standard for over forty years. Over 30,000 in Daily Use. 
Automatically makes the cheapest gas for use in Domestic Science Schools and 
Laboratories. Send for “School and College Bulletin,” illustrated catalog and 
names of users in your vicinity. 


DETROIT HEATING & LIGHTING CO. 


566 Wight Street, ESTABLISHED 1968 Detroit, Michigan 


The First Year of Science 


By JOHN C. HESSLER 


History of the Book. Two thousand copies were sold before the text 
was published in December, 1914. By March, 1915, the text was adopted for 
over two hundred schools. The work was completed in July, 1915, by the pub- 
lication of ‘the Laboratory Exercises. In six weeks’ time the text, with 
manual, was adopted for exclusive use in two states, the only states that 
adopted a general science text in the summer of 1915. By October 1, 1915, 
50,000 copies had been sold, ten weeks from date of completion. 


Reasons for such a Record. The schools want General Science because 
it makes the first year work more useful in many ways. The schools have 
taken the Hessler book because its foundation is physics and chemistry. A 
quotation might be taken from a hundred letters the publishers have received 
to the effect that this is the type of book destined to become generally used 
in the first year science work. The Hessler text is the only one starting with 
an elementary treatment of the most important physics and chemistry facts, 
although these facts really underlie all science. 


Hessler’s The First Year of Science, with Manual, 626 pages 
Without Manual, 498 pages, Manual 128 pages. 


BENJ. H. SANBORN & COMPANY 
623 South Wabash Avenue, Chicago, Illinois 
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Help the Cause of Better Science and Mathematics Teaching by Get- 
ting Your Friends to Subscribe to its Best Advocate—this Journal. 


CONTENTS for DECEMBER, 1915 
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PRICE. The subscription price is Two Dollars a year, if paid in advance, otherwise 
$2.50; single copies 25 cents. 


ALL REMITTANCES should be made payable to the order of Scoot SciENCE AND 
MaTHEMATIcsS. Remittances should be made by Post Office Money Order, 


Express Order, or Bank Draft. If personal checks are sent, please add ten cents 
for collection. 
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NONSOL FLASKS AND BEAKERS 


@ 


AMT CO 


No. 28096 


Am 


No. 28176 No. 28276 


NONSOL GLASS as made by the Whitall Tatum Company—A glass highly re- 
sistant to chemical reagents and to temperature changes which has been on the 
market for many years and has been thoroughly tested with universally satisfactory 
results by daily use in many laboratories, including those of the U. S. Government. 
In practical work Nonsol glass has proved itself to be equal to, or better, than any 
other domestic or imported glass in its noncorrosive quality. Full data as to solu- 
bility has Leen published from time to time. The prices printed in this pamphlet 
are net for large quantities and are f. 0. b. Philadelphia. They are computed at the 
maximum discount allowed by the manufacturer to the consumer in any quantity, 
i. e., 50°) and 20° from their lists, and these prices mark a reduction in the con- 
sumer’s price on this ware, as until April last the maximum discount allowed by the 
makers to the consumer was 50%. 


In stock for immediate shipment 


Special pamphlet “Supplement Five’ describing Nonsol Ware sent 
upon request. 


ARTHUR H. THOMAS COMPANY 


IMPORTERS AND DEALERS 
LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE PHILADELPHIA, PA. 
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Dissecting Microscopes 


Bausch & Lomb Dissecting Microscopes predomi- 
nate in the laboratories of the country because 
Bausch & Lomb qualily is an unvarying quantity. 
Whether it be a Dissecting Stand or a Compound 
Microscope, the user of a Bausch & Lomb instru- 
ment knows he has the best he can buy. Dissect- 
ing Microscope W has a lens arm of heavy con- 
struction, by which the entire stage may be — 
covered. It is provided with rack and pinion 
focusing adjustment and hand rests. The glass 
stage plate is removable and measures 80x66 mm. 
A metal background with black and white sur- 
faces is provided. Prices range from $9.00 to 
$14.75, depending on the lens equipment. 


Dissecting Microscope U is similar to Model W, 
but the hand rests are additional, and focusing 
is accomplished by a sliding adjustment. The 
price ranges from $6.75 to $12.50. 


Descriptive Literature on request 


Bausch £4 Jomb Optical ©. 


405 ST. PAUL STREET ROCHESTER, N.Y. 
New York Washington Chicago San Francisco 


Leading American makers of Microscopes, Baloplicons (Projection 
Apparatus), Photographic Lenses, Binoculars and other High 
Grade Optical Products. 
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OUR CATALOGUE IS 
REPLETE EX- 
CELLENT OFFERINGS 


COLUMBIA 


Indianapolis, Ind. 


FOR STATE NORMALS AND HIGH SCHOOLS 


“A Brief Outline of Qualitative Analysis” 
TWENTY-FIVE CENTS 


The simplest possible presentation of qualitative analysis. Con- 
densed and compact but clear. Pocket size. Complete analysis for 
metals and acids with full explanatory notes. Optional methods 
given. 

The last third of the high school year should be devoted to 
qualitative analysis for the laboratory drill in order to teach the 
student system, to give him an application of his encyclopedic 
knowledge of unrelated reactions and properties. The average text 
is too big and difficult, cumbered with too many intricate details. 
This booklet was written for high school needs. Send for a copy. 


Written and Published by 
HARRY N. HOLMES, Prof. Chemistry, Oberlin (O.) College 
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In teaching can be secured only by using apparatus 
designed with this purpose in view. This means 
high grade apparatus—apparatus with only price to 
recommend it will not do. 


If you are interested in an Oil Sealed Air Pump or 
Motor Rotator built on the efficiency basis, let us 
tell you something about our No. 991A and No. 803, 
illustrated below. 


Nos. 803 & 991A 


C. H. STOELTING COMPANY 


Manufacturers and Importers 


of 
Scientific Apparatus and Laboratory Supplies 
3037- 3047 Carroll Ave. CHICAGO, ILL., U. S. A. 
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A Chemistry Desk for Smaller Schools Instructor’s Desk 


A splendid desk of Kewaunee quality, at For Physics and Chemistry Labo- 
a moderate price. ratory, or the Lecture Room 


As Carefully as a Child is Taught 
We Build 
Kewaunee Laboratory Furniture 


A thousand operations, each one the result of 
a quarter-century of experience, are required 
to fashion a complete Kewaunee product. 
Mechanically perfect, Kewaunee equipment 
is something more—it typifies to the superla- 
tive degree what we call Educational Efficiency. 


BUILT TO EDUCATE 


Our designers, superintendents and workmen 
take as much pride in every article that 
leaves this plant as any instructor can possi- 
bly feel in the student that? goes forth, 
thoroughly trained, from his school. 
Pre-eminently it is for instructors who can 
differentiate between Mechanical Equipment 
and Educational Equipment. 


LABORATORY  FURNITU EXPERTS 
KEWAUNEE, WIS. 
New York Office, 70 Fifth Avenue Telephone Chelsea 3909 
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WM. GAERTNER CO. 


ASTRONOMICAL INSTRUMENTS. 


Spectrometer L4020—$80.00 


Our laboratory spectrometers are sold in competition with instruments of European 
make to many of the best laboratories throughout the world.— 
A New Students Spectrometer, embodying several new features will be ready for 
the market in a few months. 
Send for Catalog and further details. 


5345-49 Lake Ave. CHICAGO 


Practical Lessons in 
Agriculture 


84 Cents. 
By 
LESTER S. IVINS, M. S. and FREDERICK A. MERRILL, B. Sc. 


State Supervisor of Agricultural Professor of Geography and Na- 
Education, State Department ture Study, State Normal 
of Education, Ohio, School, Athens, Georgia. 


Three books in one—a textbook, a laboratory manual, and a notebook. 

Adapted for use in the seventh to the tenth grades. 

Contains 142 practical and interesting lessons covering the most im- 
portant topics and arranged, as far as possible, in seasonal sequence. 

Includes in the appendix the following valuable supplementary matter: 
a list of supplies and apparatus needed for a class of ten; suggestions for 
school exhibits of work in agriculture and domestic science; a list of il- 


lustrative material which may be obtained on request by schools from cer- | 
tain concerns; a list of publications issued by the Department of Agricul- } 
ture, Washington, D. C., classified according to subjects; and a similar list 
of the leading reference books on agriculture. 
&g American Book Company | 
: 330 East 22nd Street, Chicago 
New York Cincinnati Boston Atlanta | 
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“EXPERIMENTS” 


By Philip E. Edelman. [Selling fast.] 


DO NOT ASK 


| Complete in two books, 34 
chapters. 200 Ills, 256 pp. 
helpful work on experimental 
Us to send you a copy of our Gs 
‘ 
| ‘DESCRIPTIVE CATALOG OF LANTERN Cloth, $1.80, Descriptive cir- 
SLIDES FOR PHYSICAL GEOGRAPHY, mags 
SELECTED BY PROF. R. S. TARR,” | P. Edelman, 
unless you contemplate ordering 
such material soon. Our stock of - 
this catalog is geting low. School Science and 
>< We Have a very excellent lecture Mathematics 
set of slides on 
| NIAGARA FALLS Does All Kinds of Printing 
of which we will be pleased to send and Binding 
a very full descriptive catalog on 
request. Contains much interesting The work in this Journal is sam- 
information. ple of our work. We do the best 
work for the least money. 
The Geography Supply Bureau School Science and Mathematics 
| Ithaca, N. Y. 2059 East 72nd Place, CHICAGO, ILL. 
| 
Questions For Reviews 
Compiled from Recent College Entrance Examinations 
Separate pamphlets. Price 40 cents each. Liberal discounts on quantity orders. 
Sample copy half price. Copy for Teacher free on adoption for class use. Answers 
to numerical problems can be supplied to teachers only. Prices on application. 
Algebra 28,000 Plane Geometry 
Chemistry Already Solid Geometry 
Physics Sold Trigonometry 
By Franklin T. Jones 
French A Now German A 
| French B Ready German B 
By Wallace S. Murray 
} 
English, Latin, History and other subjects in preparation 
| Write for information to 
| University Publishing Company 
7117 Hough Ave. Cleveland, Ohio 


Please mention School Science and Mathematics when answering Advertisements. 
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Manufacturers of Guaranteed 
Laboratory Furniture 


(y) “Knocked Down Test Tube Support No. 100.” 


Years have tested the LEONARD 
PETERSON & CO.’S line of 
LABORATORY FURNITURE. 


Our experience in the LABORA- 
TORY FURNITURE business en- 
ables us to furnish equipment that 
is designed right, made right, deliv- 
ered right and installed right. 


_We invite correspondence regarding any. 
kind or amount of furniture for laboratory 
use, 


We guarantee entire satisfaction. 


“Instructor’s Table No. 1150.” 


1234-1248 Fullerton Ave. CHICAGO, ILLINOIS 


Write for a copy of our 96-page catalogue. When in Chicago visit our showrooms. 


Back numbers of School Science, School Mathematics, and School 
Science and Mathematics may be had for 25 cents a single copy. The 
Mathematical Supplements for 15 cents a copy. 


In sets the prices are, postpaid: 


School Mathematics and Supplements, Vol. I, five numbers.......... $1.00 
School Science, Vol. I, eight numbers 6.00 
School Science, Vols. II and III... re 6.00 
School Science, Vol. IV, three numbers .75 


School Science and Mathematics, Vols. V, VI, VII, VIII, IX, X, 
2.00 


This Machine Will Produce 
Automatically 


GAS 


For your laboratories, 
Domestic Science De- 
partment and for light- 


ing. 
* * 

In use in hundreds of 
educational institutions 
throughout the coun- 
try. 

Write to us for a list of colleges and high schools using our machine. 

Illustrated Catalogue Will be Sent on Request. 


MATTHEWS GAS MACHINE CO 
180 N. Dearborn Street, CHICAGO, ILLINOIS 


Please mention School Science and Mathematics when answering Advertisements. 
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The School World 


A Monthly Magazine of Educational Work and Progress 


Price 6d monthly Yearly Volumes 7/6 Net each 


“THe ScHoot Wor-p” provides full information on all 
important changes and developments in the various 
grades of British education. 


Leading educational authorities and teachers of ac- 
knowledged reputation are among its contributors. 


Each issue contains eighty columns. 


The magazine is indispensable to educational workers 
everywhere. 


London: MACMILLAN AND CO., Limited 
NEW YORK: THE MACMILLAN COMPANY 


Die Zeitschrift fiir den physikalischen 
und chemischen Unterricht 


Edited by Prof. Dr. F. Poske in Berlin, in collaboration with Prof. Dr. 
Erns Mach in Vienna, and established by Dr. B. 
Schwalbe in Berlin, 


Is the only European magngine which can be called the “Central Organ” 
for progress in the teaching of Physics and Chemistry. 


Apparatus and Experiments especially are described in great numbers, 
for University demonstrations as oat as for laboratory practice, and for in- 
struction in all schools, which are limited to experiments calling for simple 
equipment. Practical hints and suggestions are a regular part of the contents. 


The magazine also contains articles about the important news in science 
and in teaching as well as about historic research and technology. Every 
yearly series contains a number of astronomical charts on which the course of 
the moving constellations for the current year, is represented. 


Yearly six handsomely illustrated volumes of 8 sheets 4°, appear. The 
price of a yearly subscription is 12 Mark, or post paid 13 M 50 pp for foreign 
countries. 


Sample copies sent free upon request. 


JULIUS SPRINGER, Publisher - Monbijouplatz 3, N., Berlin 


Please mention School Science and Mathematics when answering Advertisements. 
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| Cambridge Botanical Supply Company 


AN UNSOLICITED TESTIMONIAL 


THE HIGH SCHOOL OF COMMERCE 
Springfield, Massachusetts 
Science Department 
Cambridge Botanica] Supply Co., August 21, 1915. 
Waverley, Mass. ° 

Gentlemen—I wish to express to you our very great ap- 
reciation of the promptness with which you have filled our order 
or the Science quipment of our new school.* 

The quality has been exceptionally fine, and all details and 
specifications have been met with perfect accuracy. We especially 
appreciate your attitude of doing even more than your contract 
called for. In short, we are perfectly satisfied in every way. 

Very truly yours, 
(Signed) HOWARD C. KELLY, Head of Science Dept. 


*NOTE:—tThis contract called for the installation of 
over $8,000.00 of science equipment of a cS 


varied range of use. 


Science Teachers :— 

WE assure you of satisfaction in dealing with this house, which was 
established in 1884, satisfaction not only in prices and quality, which only 
money can purchase—but—in that unpurchaseable asset—intelligent service 


born of long and successful experience. 
Write for the catalog in the science in which you are interested and ad- 


dress— 


Cambridge Botanical Supply Company 


LABORATORY EQUIPMENT 
6 Lexington Street WAVERLEY, MASS. 


MAX KOHL A. G. CHEMNITZ, GERMANY 


FULLY PAID UP CAPITAL, M saiaabe 


Physical Apparatus 


Induction Coils 
Oil Air Pumps 


Switchboards for School 
Laboratories 


Projection Apparatus 


Complete Outfits 
for Laboratories 


Centrifugal Machine, with dou- of the very best 


ble transmission and regulating 
rheostat, with continuous current make. 
electromotor for 30-1100 revolu- 


tions per minute. World’s Fair, B Is, 1910; 3G Pri 1 Gold Medal 


Please mention School Science and Mathematics when answering Advertisements. 
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Laws of Accelerated Motion 
Packard’s Falling Body 
Apparatus No. 25-100 v7 


Patented December 17, 1907 


Complete with twelve sheets 
specially ruled co-ordinate paper 
and two sheets sensitized tracing 
6 666.6. $6.25 


No. 25-160 
Acceleration Apparatus 


With Atwood’s attachment 
$45.00 


No. 25-161 
Acceleration Apparatus 


Same as above but without 
Atwood’s attachment 


$25.00 


No. 25-162 
Acceleration Apparatus 


Same as No. 25-161 but double 
the range 


$35.00 


No. 25-180 
Free Fall Apparatus = 
For the accurate determination of ““G”’ 
$25.00 
No. 25-160 No. 25-180 


L. E. KNOTT APPARATUS COMPANY 


79-83 Amherst Street, Cambridge “‘A”’ Station BOSTON, MASS. 


Please mention School Science and Mathematics when answering Advertisements. 
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FISK TEACHERS’ AGENCY 28 EAST JACKSON BOULEVARD 


OVER 40,000 POSITIONS FILLED. 32nd YEAR. We have this year broken all previous 
records x. the Agency. We are now seeking teachers for emergency vacancies, and for 
the fall of 1915. Circular and membership form sent on application. 

Other Offices: Boston, New York, Washington, Denver, Portland, Berkeley, Los Angeles. 


an WESTERN POSITIONS FOR TEACHERS 


Mexico, North Dakota, Oklahoma, Oregon, South Dakota, Utah, Washington and Wyoming. 


For Every Department of School Work. As Publishers of the annual “Rocky Mountain 
Teachers’ Agency Schoo] Directories,” we are in touch with nearly all the Schools in the follow- 
ing States: Arizona, California, Colorado, Idaho, Kansas, Montana, Nebraska, Nevada, New 


Booklet “How to Apply For a School and Secure Promotion, With Laws of Certification 
of Teachers of all the States,"’ free to members or sent prepaid for Fifty Cents in a 
8 - 


Money refunded if not satisfied. WRITE U 
TO-DAY for free Booklet showing how we 
place our teachers. 

WM. RUFFER, Manager. 
The Largest Teachers’ Agency in the Bosky 
tain Region. 


RODE. TEACHERS 


£NcyY. EMPIRE BLDG, Denver. 


BOOKS ON CHEMISTRY 
by Wilhelm Segerblom, A. B., Instructor in Chemistry at The Phillips Exeter Academy, Exeter, N. H. 


TABLES OF PROPERTIES of over fifteen hundred common inorganic sub- 
stances. An indispensable reference book for chemists, manufacturers, 
and science teachers. Gives common names, chemical and physical 
erties. and solubilities of common chemicals. 8vo, x + 144 pages. Fict 
$3.00 (prep poe. 

FIRST YEAR CHEMISTRY, a text in elementary chemistry for secondary 
schools. Embodies the latest and best thought relating to the presenta- 
-_ ns to students. 12mo, xxv + 410 pages. Cloth. $1.50 

prepai 

Complimentary copies are not given, but specimen pages of either book are 

sent free on request. 


EXETER BOOK PUBLISHING COMPANY - EXETER, NEW HAMPSHIRE 


The Journal of Geography 


Edited by Professor R. H. Whitbeck of the University of Wisconsin. 

Now in its 19th year. The official organ of the Geography Teachers of 
America. Timely Geographical Articles, Plans, Outlines, Notes, Questions and Helps 
for Geography Teachers. Notices of current government publications, new books, 
maps and other geographical material. 

Every geography teacher who desires to make his teaching strong and inter- 
esting will find the Journal of Geography worth several times its cost. Specimen 
copy for 6c in stamps. $1.00 ayear, 10 months. Address the Business Manager, 


Journal of Geography 
UNIVERSITY OF WISCONSIN, MADISON 


The Nature Study Review 
Official Journal American Natare Study Society 


Devoted to all phases of Nature-Study in the school and home. Brimfu! of new and 
down-to-date material each month. A frequent comment in our mail: ‘“‘The Review is one 
of the best magazines for the promotion of Nature-Study and should be in every school.” 

Published monthly except June, July and August. 

$1.00 per Year. 15c per Copy. 


(With School Science and Mathematics $2.50 per Year.) 
Subscribe Now. 
THE COMSTOCK PUBLISHING CO., 
ITHACA, NEW YORK. 


Please mention School Science and Mathematics when answering Advertisements. 
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VISITING MEMBERS 


Should not fail to visit 
the Exhibition of 


HEXAGON BRAND 
APPARATUS 


Located in the 
Physics Laboratory 


Harrison Technical High School 
1915 CONVENTION, CHICAGO 


WOLDENBERG & SCHAAR 


ORIGINATORS—DESIGNERS—MANUFACTURERS 


EVERYTHING FOR THE SCIENCE LABORATORY 
CHICAGO 


OUR CATALOG WILL BE MAILED FREE UPON - REQUEST 


Please mention School Science and Mathematics when answering Advertisements, 
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WIMSHURST STATIC MACHINE 


No. 1818A 


To meet the demand for a moderate priced Static Machine of the 
Wimshurst type, we present the machine shown'in the illustration. 
It embodies all the excellencies of the Wimshurst type, is of solid and 
substantial construction, and has the following features: 


10-in. Glass Plates. 

2 to 3-in. Spark Length. 

Well Finished Hardwood Base. 

Metal Parts Handsomely Nickel-Plated. 


Net, $15.00 


MOTOR-GENERATORS 


We have just issued a pamphlet describing a new line of 
Motor-Generators for Battery Charging and general Labora- 
tory Use. Send for a copy. 


Our Catalogs of APPARATUS FOR SCIENCE LAB- 
ORATORIES are sent free to teachers on receipt of request 
stating institution and department. 


Central Scientific Company 
412 to 420 Orleans Street Chicago, U. S. A. 


Please mention School Science and Mathematics when answering Advertisements. 
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